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PREFACE TO THE TWELFTH EDITION 


The urge to produce a pew Edition of this book has been impelled by a 
sense of the importance of the study of Tropical Medicine to the British' 
Empire in its great responsibility to its overseas possessions and their 
peoples — a responsibility which is now greater than ever, when this 
Commonwealth of Nations is emerging from the refining test of war. 
No effort has been spared to this end, and it is earnestly hoped that this 
12th Edition may greet a new era and contribute in some small measure 
to the creation of a healthier and happier world. 

Many chapters have been entirely rewritten and, as the occasion demands, 
special attention has been devoted to malaria, yellow fever and nutritional 
diseases. The chapter on rickettsiasis has been fully revised in order 
to keep pace with the kaleidoscopic changes which are apt to take 
place in this group ; that on leprosy has been completely recast and 
modernized. To remedy many defects and omissions in the parasito- 
logical section, many illustrations have been redrawn, and the Editor 
has also endeavoured to bring the subject matter up to present day 
requirements. Special attention has been devoted to entomology in 
order to provide a rough guide to this intricate subject. 

Other features are the inclusion of a chapter on the technique of 
injections, with special reference to blood transfusion in the tropics, and 
the insertion of a table of the main drugs in general use with their chemical 
composition, dosages and indications, which, it is hoped, may prove of 
real practical value to clinicians. 

Many suggestions and criticisms for this Edition have been received 
from kind correspondents on both sides of the Atlantic. Each point 
raised has been rectified as far as possible. He is especially grateful for 
the practical assistance afforded him by Dr. C. Wilcocks, Acting-Director 
of the Bureau of Hygiene & Tropical Medicine, whose wide and accurate 
knowledge of the literature has been invaluable. Without the Bvlletins 
issued under his direction the task of thorough revision must have been 
almost impossible. The late Director, Sir Harold Scott, with his critical 
eye, has also pointed out several errdrs and lacurue. Dr. C. A. Hoare, of the 
Wellcome Besearch Institution, has generously suggested alterations in 
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ihe protozdological section, and Dr. G. M. Vevers, of the Zoological Society 
of London, has supervised the zoological nomenclature. Other acknow- 
ledgments are made in the text. 

It is hoped therefore that this Edition may prove of value to doctors 
and medical ofiBcers of the United Nations and that the reception afforded 
this manual throughout its long career may provJ> as favourable on this 
occasion. 

“ Ring out old shapes of foul disease, 

Ring out the narrowing lust of gold : 

Ring out the thousand wars of old, 

Ring in the thousand years of peace ! ” 

(Tennyson. In Memoriamy m, Stanza 7). 

Philip Manson-Bahr. 

149, Barley Street, W.l. 



PREFACE TO THE FIRST EDITION 


A MANUAL on the diseases of warm climates, of handy size, and yet giving 
adequate information, has long been a want ; for the exigencies of travel 
and of tropical life are, as a rul6, incompatible with big volumes and large 
libraries. This is the reason for the present work. 

While it is hoped that the book may prove of practical service, it makes 
no pretension to being anything more than an introduction to the important 
department of medicine of which it treats ; in no sense is it put forward as 
a complete treatise, or as being in this respect comparable to the more 
elaborate works by Davidson, Scheube, Rho, Laveran, Corre, Roux, and 
other systematic writers in the same field. 

The author avails himself of this opportunity to acknowledge the 
valuable assistance hit has received, in revising the text, from Dr. L. 
Westenra Sambon and Mr. David lioi^s, M.R.G,S., L.R.C.P., Superinten- 
dent, London School of Tropical Medicine. He would also acknowledge 
his great obligation to Mr. Richard Muir, Pathological Laboratory, 
Edinburgh University, for his care and skill in preparing the illustrations. 
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TROPICAL DISEASES 


CHAPTER I , 

LIFE IN THE TROPICS 

GENERAL OBSERVATIONS 

It is difficult to define in exact terms what is meant by “ a complete 
method of assessment of fitness for life in the tropics.” There should be 
an attempt to sum up the individual in all aspects, not only fitness of body 
and internal organs to withstand the strain of tropical conditions, but 
also of the nervous system to remain stable and serene in the face of 
privations and petty provocations. 

The best kind of mind for tropical life is an enquiring one : one which 
takes an interest in the people and things around ; in fact the type of 
person best fitted for this kind of existence is one who has a passion for 
hobbies of all sorts. 

In the assessment of mental suitability, it is important to survey the 
applicant’s antecedents in all their bearings. Thus, it is essential to 
enquire into family, upbringing, school and University careers, the idea 
l>eing to discover, not so much the scholarly and athletic prowess of the 
candidate, as his general bearing towards his fellows, and to reveal the 
existence of complexes and fads which would militate against success 
abroad. The tropics is no place for the highly-strung or neurotic. With 
'young men the question of alcohol consumption, excessive smoking and 
other deleterious habits must inevitably be raised. This, naturally, is 
often a delicate matter, but it is so vitally important that even a suspicion 
of excess unfits the candidate for tropical service, since what might constitute 
a minor evil in civil life in temperate zones may be a vice under the more 
exacting conditions of the tropics. This does not mean that the strict 
teetotaller is any more fitted than the heavy drinker. The emphasis is on 
moderation and self-control. 

The age of the candidate is obviously important, and op this there is 
^(crieral agreement. He or she should have attained maximum develop- 
ment before going out. Those under twenty-one — and this is tme 
i sptHsially of women — withstand extreme heat and humidity ihadly, and 
Jippear, moreover, to be more susceptible to tropical diseases. Women 
should be fully matured in mind as weU as in body and, as a rule, their age 
wliould be somewhat higher than that for men, which is from twenty-thrw 
twenty-five. It is a matter of observation that men over forty tod 
it very difficult to accustom Uiemselves to intense beat, though exceptions 
'^ iil readily occur to the mind, sudi as Robert Koch, a pioneer in medical 
^ ienc^, and Abel Chapman in zoology. Both ha^ ali^dy passed forty 
re they set foot in Central Africa, and both found themselves equal to its 
' ^icti^ demands. 

While there can be no absolute standard of height and weight, the 
viation from ike generally accepted averages should not be great. 

\ 
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As a rule, spareness is more desirable than plumpness. Certainly the 
tropics is no place for the fat man. The “ lanky,” spare type is best 
suited to tropical conditions, and the dark-haired, brown-eyed and dark- 
complexioned is generally considered more fitted than the blue-eyed, fair- 
hair^, tender-skinned “ Norse ” or “ Aryan ” type. It is generally 
assumed that the brunette southern type with increased pigmentation 
of the skin is thus endowed as a protection against heat but, here again, 
there are exceptions to the rule. 

Teeth J — As the food in the tropics is neither so palatable nor so easily 
masticated as at home, teeth must reach a high standard, and candidates 
with universally carious teeth or incomplete dentine should be eliminated. 
Everyone who proposes to go to the tropics should have his mouth put in 
order, because dental decay takes place more rapidly in intense heat. 
There cannot be any objection to dentures if the owner possesses a spare 
set, and they are adequate and comfortable. 

Nose and throat.^ — Special care should be directed to the tonsils. 
If they are enlarged and septic they must be enucleated. Subjects of 
post-nasal catarrh and chronic granular pharyngitis do not do well. 
Sinus trouble does not improve in the tropics and, for North and West 
Africa, where sandstorms are common, persons suffering from chronic 
antral disease should be refused. 

Eyes and ears. — Reasonable visual acuity is essential. Opinions 
differ considerably on the extent of deficiency which may be passed over. 
The Editor is of the opinion that grave refractive errors are deleterious 
and, in certain circumstances, candidates with a degree of myopia about — 
6D should be rejected. No candidate with high myopia is suited for a 
bush or isolated station. If glasses must be woni, the wearer must have 
spare sets. Crookes’s lemon-tinted lenses are of value in diminishing glare. 
In certain regions in the Sudan and Northern Nigeria, for instance, smoked 
glasses are a necessity to mitigate eye-strain. Normal colour vision is 
essential. Chronic conjunctivitis of all kinds is a distinct disability. 

Middle-ear disease with discharge and aural eczema disqualify : both 
are made worse by tropical conditions. Perforation of the tympanum 
and any kind of deafness must be investigated. Deafness in more than a 
moderate degree is a bar. 

Respiratory system. — Special attention must be paid to the lungs. 
Asthmatics and subjects of “ hay fever ” are quite unsuited for tropical 
residence, for, contrary to popular belief, asthma, hay fever, allergic 
rhinitis and, indeed, aller^c conditions of all kinds are aggravated by the 
luxuriant vegetation, while flowering grasses and the poUen of rice and 
sugar-cane are very irritating. Sugar-cane fibre is often used for stuffing 
pillows and causes asthma in susceptible individuals. The same 
applies to (hronic bronchitis and emphysema. Any suspicion of tuber- 
culmis, whether glandular or parenchymatous, calls for X-ray examination, 
esp^ii^y in candidate with a bad family history. 

^e miiot is strongly of the opinion that any candidate with Ghon’s 
focus, or any evidence of healed apical lesions, is quite unfitted for the 
tropics. ' Contrary to popular opinion, damp heat induces and fosters 
but does not cure tuberculosis. Those who have calcified broncU^ 
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glands, and who have already thereby demonstrated their resistance to 
the disease, may, on the other hand, be considered suitable. 

Cardiovascular system. — Any valvular he^rt disease is a contra- 
indication. It is probably true that persons with mild degrees of mitral 
stenosis are not seriously inconvenienced by tropical life, but the increase 
in the metabolic rate and the strain placed upon the heart and respiratory 
organs by extreme heat has a deleterious .effect upon the action of the 
heart. Of all heart lesions, aortic regurgitation , eispecially of luetic origin, 
is the most undesirable. Sinus arrythmia and extrasystoles are frequently 
encountered in tropical residents, and are not in themselves deleterious. 
Persistent tachycardia, from whatever cause, should be a bar to tropical 
service, and a candidate exhibiting a rapid pulse, which does not arise from 
nervousness during the medical examination, should be subjected to a 
searching exercise tolerance test. 

Hyperpiesia. — Subjects of high blood-pressure are definitely excluded. 
Hyperpiesia, due to intrinsic hypertension or arterio-sclerosis, is a serious 
handicap in the tropics. Often, in nervous young men, a high systolic 
reading may be obtained, and while this for the most part can be over- 
looked, a persistent high diastolic pressure above 100 mm. Hg is an absolute 
disqualification. Such persons inevitably break down after prolonged 
tropical residence ; they are more liable to neurasthenic symptoms, and, 
in the Editor’s experience, usually end up with cerebral haemorrhage. 

Digestive system. — Nothing is more important than the digestive 
history. The organs of digestion are necessarily subjected to considerable 
strain ; therefore subjects of nervous dyspepsia, hyperchlorhydria, or 
severe gastric disturbances, should not go abroad. A previous history of 
duodenal or gastric ulcer, especially where confirmed by radioscopy, 
should debar a candidate, especially from places characterized by damp 
heat, such as the west coast of Africa or Malaya. It must be remembered 
always that, even under the best circumstances, a great deal of the daily 
fare consists of frozen or tinned food. 

If the indigestion is due to chronic iiifiammation of the appendix^ it is 
most import^ t that appendicectomy be performed before sailing. It is 
obvious that, for many reasons, appendicitis may be a much more dramatic 
and important event than in more highly civilized conditions. 

Persons of a “ bilious ” or a hepatic tendency, with lustreless skin 
and a jaundiced look?^ withstand the tropics badly ; therefore any palpable 
enlargement of the liver must be noted, SpUnomegalg may, occasionally, 
denote previous attacks of malaria, and indicate that the candidate is 
hypersensitive to this infection or, on the other hand, it may mean that he 
bas some obscure blood disease, and is therefore unsuitable. 

Sufferers from chronic colitis are ruled out. A history is not always 
easy to obtain ; but if there is any previous history of blood or mucus 
in the stools, or both, or pain on defascation, or any suspicion of ulcerative 
fcilitis, the matter must be investigated. Thb disease is so liable to 
remissions that the candidate may appear well and healthy at the examina- 
|H>n, but relapses under tropical conditions are apt to be especially severe. 
The peculiarly sensitive type of person who is colon-minded, and subject to 
mucous colitis and spastic oolon, does badly and cannot be recommended. 

2 
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Subjects of diverticulitis fare badly also, and, if this condition is detected 
as a cause of abdominal discomfort in a more elderly subject, tropical 
service is not recommended. Any history of gall-bladder disease should 
debar the candidate, owing to the risk of developing cholecystitis and 
biliary calculus imder tropical conditions. 

Haemorrhoids. — Piles are a curse of life in hot climates where those 
predisposed to the disorder almost invariably become sufferers. Piles 
should be removed surgically, as injection methods do not appear to be 
altogether satisfactory. 

Hernia. — Candidates with inguinal hemiae of any description must 
submit to operation before going abroad. Trusses, even of the lightest 
variety (celluloid), are most inconvenient, and are apt to cause intertrigo 
and skin irritation. The same applies to umbilical herniae ; pads cannot 
be worn and are usually inefficient. 

Genito -urinary system. — Renal and vesical calculi are more likely to 
develop in the tropics than in temperate regions. No one with a history 
of rend colic should be accepted. Enlarged and palpable kidneys may 
mean congenital cystic disease, which is a disqualification. Special 
attention must be paid to the urine. Moderate degrees of albuminuria 
(physiological or postural) are extremely common in athletic and other- 
wise healthy young men, and the Editor is of the opinion that it is quite 
unfair to reject a suitable candidate merely on this account. It is different 
when there is an appreciable amount of albumin (5 per cent.). Numbers 
of casts in the deposit indicate a predisposition to severe renal disease. 
Sugar in the urine, however, is somewhat different. If a very considerable 
precipitate is obtained with Fehling’s and Benedict’s solutions, then a 
blood-sugar curve estimation must be done. No diabetic ought to be 
passed for service in the tropics. Opinions vary about renal glycosuria. 
If the candidate has a low sugar tolerance with a low renal thre^old for 
glucose, he is best out of the tropics, as the condition may possibly pre- 
dispose to true diabetes. 

The ceDular deposits of the urine should always be examined. Subjects 
of phospbaturia, so-called ** phosphaiic diabetes,'' owing to the concen- 
tration of urine which occurs in a hot climate, are unsuitable. Those 
showing evidence of Bact, coli or streptococcal infection must be rejected. 
A constant source of trouble is urinary tubi^rculosis, on account of the 
difficulty of detecting the tubercle bacillus ; but when large numbers of 
pus cells are present in the urinary deposit without other Ascertainable 
cause, tuberculosis should be suspected and the candidate rejected. 
Chronic gonorrhoea and chronic prostatitis are always a source of trouble 
and a reason for rejection. 

FemaU condtdote^.— Among women, disorders of the genital organs 
tend to dominate the picture. Since impairment of the menstrual functions 
is usually aggravated by tropical residence, the menstrual history must 
carefully investigated. Those inclined to dysmenorrhoea or menorrhagia 
should be forbidden, if possible, to go out. Subjects of periodic amen- 
o^hoea suffer more in the tropics, and the same may be said of uterine 
placements. Women who are predisposed to miscarriage axe more 
hable to this accident under the less civilized conditions of the tropica* 
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Minor vaginal or uterine digabiUties, such as vaginal discharges, may 
be overlooked. Women in advanced pregnancy should not attempt to 
go out, and it is advisable tl^at a primipara should not proceed to a hot 
climate in the middle of her pregnancy. 

Integuments. — Special attention must be j)aid to the skin, hair and 
nails. Alcypeda is apt to progress under tropical conditions. Cracked 
and brittle 'nails indicate a feeble constitution. Clubbed fingers may 
indicate cardio-pulmonary disease, or may be merely a congenital de- 
formity. Anyone with an abnormal skin must be specially investigated. 
It must always be borne in mind that the skin, as an organ of elimination 
and metabolism, is much more important in tropical than in temperate 
countries. Subjects of deficient sweating (anidrosis), unable to sweat 
freely, not only suffer acute discomfort but are in danger from heat stroke 
and heat exhaustion. Therefore, candidates having dry skins (xeroderma) 
and ichthyosis must be rejected. On the other hand, individuals whose 
sweat-glands are abnormally active do well. 

Septic ^ts on the skin of the back and chest are frequently encountered 
in young men and, though each case should be judged on its merits, it 
must be remembered that residents in most tropical countries, but especially 
in West Africa, are particiilarly liable to septic infections, especially boils, 
so that anyone who is specially susceptible to the staphylococcus should be 
considered unsuitable. 

Psoriasis is always a difficulty. Milder degrees may be passed over, 
and as a general rule are apt to disapp€»ar in v(»ry hot countries. Extensive 
psoriasis, however, especially when associated with suppuration, should 
debar from the tropics. 

' Acne , — Acne is improved by heat ; many healthy and vigorous individuals 
are marred by this complaint, and they should be permit t-ed to go abroad. 

Eczema of all kinds is a distinct disability and so are sensitive (allergic) 
skins, and those liable to intertrigo. 

Central nervous system. — Ner\^ou8 control is of paramount im- 
portance in the tropics. All exhibiting neurotic and hysterical tendencies 
should be rejected. Epilepsy is not alw^ays easy to detect, but epileptics 
must on no account go out. Any chronic affection of the spinal cord, e.g., 
Friedreich’s ataxia or spastic paraplegia, is a disqualification, as is a 
previous history of encephalitis lethargica or cerebro-spinal meningitis. 

A candidate has sometimes suffered from infantile paralysis. If it 
merely affects one limb, and the muscular atrophy is not too extreme, he 
niay be passed, though it must be understood that the tropics is no place 
for a cripple. Exaggerated deep reflexes and tremors of hands or tongue 
(ienote tJiat the candidate has an unstable nervous control, and that he is 
uti suitable. 

Anaemia. — Persons wdth ancemia which cannot be adequately explained 
usually in poor health ; they are ** below par,” and this succinctly 
^nggests tmit they are lacking in vigour, energy and initiative. The pale 
> ^^ung man or the sallow woman is unsuited for tropical resid^ce. The 
content is probably more important from this point of view 
the red-cell count. Secondary aneemia usually indicates some 
condition. It may be digestive, pulmonary, or even cardiac. 
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Pale faces become paler still in the tropics, and the condition is more 
likely to progress there. 

Affections of the thyroid. — The possibility of hyperactivity or 
insufficiency of the thyroid gland has to be kept in mind. The Editor is 
convinced ^at all th 3 rroid tumours, whether adenomata, cystic adenomata 
or thyroid hypertrophy, are definite contra-indications to tropical service. 
The form of hyperthyroidism (usually due to substemal thyroid) which, 
though not leading to exophthalmic goitre, yet produces thyrotoxicosis 
with a special strain on the cardiac muscle, is particularly to be feared. 
Ther thyrotoxic heart is produced by exposure to tropical conditions, and 
may progress unchecked and end fatally. All degrees of hypothyroidism 
are also unsuited to tropical conditions. 

Other endocrine disorders. — Endocrine disorders, such as hyper- 
pituitarism, hypopituitarism, “ Frohlich’s syndrome,” achondroplasia, 
and developmental anomalies, are to be excluded. 

Gout and rheumatic arthritis.^ — gouty diathesis is occasionally 
seen in comparatively young people, and may manifest itself in many 
ways. Gout may actually be provoked or aggravated by tropical con- 
ditions, and therefore must be regarded as a contra-indication. There 
is a popular idea that rheumatic affections of the joints are improved by 
exposure to heat, but this is far from true. Usually they are aggravated. 
The same is true of fibrositis. * 

Other disabilities. — Even such minor blemishes as the state of the 
feet must be inquired into. Deformities, club foot and hammer toes, in 
those who may be called upon to undertake long marches, may be held 
to be distinct disabilities. Fungus infection of the feet is particularly 
intractable under tropical conditions. 

Preparations before sailing. — ^All those who are proceeding to 
the tropics and subtropics, whenever they come into contact with native 
servants, and whenever they mix with the native population, or whenever 
they are forced to live in less sanitary surroundings than they have been 
accustomed to, should be inoculated about four weeks before departure 
against tj^hoid and paratyphoid (T.A.B.) {see p. 316). They should also 
be revaccinated, if this has not been done within the three previous years. 
Very often this vaccination may not cause any obvious reaction, or in 
popular language, may not “ take,” but it must be attempted none the less. 
The vaccination may be conveniently performed at the same time as the 
second inoculation. If for other reasons, such as business matters or 
preparing for departure, circumstance prevent this, both inoculation and 
vaccination can be given on board ship if the voyage is long enough, e.g., 
journey to India. Allowance must be made for any possible reaction. 
Thereafter it should be the rule to repeat the vaccination every five years 
and the insulations every three years. Those proceeding to the West 
Coast or other parts of Africa, and to South America, where yellow fever 
u endemc, are strongly urged to be inoculated against this disease 
{see p. 846). It m^t be emphasized that out of the thousands who have 
now been protected only a few have contracted yellow fever. 

Soine people have m idiosyncrasy to quinine ; these, if they are going 
to rpgions where qumine prophylaxis is practised, should accustom Ch 
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selves to the drug by taking a trial on board ship. In view of the in- 
creasing importance of atebrin (mepacrine) malaria prophylaxis they 
should do the same with this drug. 


PASSING PATIENTS FIT TO RETURN TO THE 
TROPICS AFTER LEAVE 

Great care should be taken over the “ passing-out ” examination before 
return to duty from leave, especially in those who have suffered from 
nervous debility, with insomnia and associated psychological disturbances. 
In these cases a full period of leave must be granted for recuperation. 
The mind must be serene, the reflexes normal, and the patient should 
eagerly anticipate his return,* and not recoil from the very idea. Those 
who have had malaria should have fully recovered ; the spleen should no 
longer be palpable, and the blood should reach normal standard. Should 
l>lack water leaver have supervened, and should it be an isolated attack, 
and recovery be complete, the patient may return ; but if he has suffered 
from more than one attack and has survived, it is extremely dangerous 
to risk a third (see pp. 90, 108). 

Trypanosomiasis and kala-azar, formerly so greatly feared, are now 
amenable to treatment and cure by specific drugs, and the cure is so 
dramatic and complete that provided there has been a suitable period for 
convalescence, no valid objection can be urged against a return to duty. 

Relapsing-fever cases are generally completely cured of their infection 
on arrival in this country, and if no disability remains they are suitable 
for return. In the tropical typhus and undulant fever groups, victims of 
which are seem comparatively often, recovery is generally quite com- 
plete, and no physical disability remains. In the latter, however, a 
siifticient period of leave must be granted for full convalescence. 

Other tropical infections to which special attention should be given 
are the dysenteric group. Amoebiasis formerly caused considerable 
apprehension, l>ecau8e of the absence of a final test of cure. It is true that 
incompletely cured patients, and tliose who harbour cysts in their stools, 
are more liable to relapse under tropical conditions than those who con- 
tinue to reside in temperate climates. Therefore, all those who have 
suffered from clinical dysentery during their period of service should be 
spcHjially examined on their return. Their stools should be tested for 
amo'bic cysts, and a sigmoidoscopic examination performed- if necessary. 
There is no objection whatever to the return of anuebiasis patients, pro- 
vided they have undergone a thorough course of anti-amiBbic treatment. 
Those who have suffered from bacillary dysentery — and they are much more 
numerous than is generally thought — ^usually make a complete recovery 
♦>u return to England, and relapses are not to be anticipated. The form 
known as chronic bacillary dysentery is much more refractory, but caii 
now be cured by sulphaguanidine. 

Another important form of tropical diarrhoea is sprue (see p. 629). 
There is always considerable hesitation in permitting these patients to 
to the tropics, especially to the locality where the disease was 
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first contracted. It is undoubtedly true that relapses are more likely 
in the tropics. Probably complete recovery occurs in people under forty 
years of age, and, if they have been quite free from all symptoms and signs 
for one year at least, then a return to the tropics may be sanctioned. 

Ancylostomiasis and other worm infections not infrequently cause 
loss of vigour and ill-health in those returning from leave. The possibility 
of an ancylostome infection must always be borne in mind as the cause of 
cachexia and fatiguability, especially in women who have been residing 
on tea estates and other plantations. Their stools must be examined by 
concentration methods (see p. 1008). After adequate treatment they are 
fit to return. 


Postoperative Debility 

The date of return after operation is always debatable, especially in 
operations on the gastro-intestinal tract. Appendicectomy, and even 
cholecystectomy, are quite simple and give rise to little difiiciilty, but in 
more elaborate operations, such as gastro-enterostomy for duodenal ulcer 
or pyloric stenosis, circumspection is needed. The Editor is very chary of 
permitting such patients to return to adverse tropical conditions, unless 
the operation has been a distinct success, the condition is excellent, and 
the digestion perfect. 

The same general rule should be applied to operations on the genito- 
urinary tract. Kenal calculi are common in the tropics, and certain 
individuals seem predisposed to them. If nephrectomy has been per- 
formed for renal calculus, and the patient is in a g<K)d state with one 
functioning kidney, there is no objection to return to the tropics, provided 
that it is not a hyperendemic malarial zone. To a person with one kidney, 
an attack of malaria or blackwater fever may btcome a matter of life 
and death. 


ACCLIMATIZATION 

Obviously transportation to the tropics, where the isotherm may be 
imything from 20-30*^ F. above that previously experienced, subjects 
the body to considerable strain and to conscxjueut alterations to meta- 
bolism. It is also a matter of common knowledge that individuals vary 
to a very gimt degree in their reactions to heat. Most people show tem- 
porary reactions which may be regarded as adaptations to climatic thermal 
changes. 

The saying “ What is one man’s meat is another man’s poison ” also 
applies to climate ; but instinctive dread of extreme degrees of heat and 
humidity is rapidly dimimshing as communications are being opened up 
by air travel. The aeroplane, the motor car and the refrigerator have 
robbed inany places of most of their terrors, and the West Coast of Africa 
is no longer the White Man’s Grave. It is common knowledge that some 
individuals, who as likely as not are of indifferent physique, thrive in the 
teopics ; some, for instance, prefer to live in Central Africa, thou^ these 
are <|uite exceptional. 

^ Within a relatively short space of time a pure European tropical poptila* 
tion has ansen* In the British Empire there are such communstiea in 
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India, Ceylon,, Burma, Queensland, and the highlands of Kenya. It may 
therefore be asked : Can the European preserve his identity, maintain his 
vigour, energy and culture ; can he in fact hold on to whatever is held 
dear in European civilization under the stress of tropical conditions ? 
Cilento remarks of the tropical-bom Australian that the race is in a 
transition stage and there is now being evolved a distinctive tropical type 
adapted to life in the environment in which it is set. 

It is evident that climate can produce profound alterations in physical 
characters in a comparatively short time. Many striking examples of 
adaptation could be quoted. Thus, Gorgas has cited the large-scale experi- 
ment of Panama, where for ten years Americans, including men, women 
and children, mostly doing hard manual labour, exposed to all kinds of 
weather conditions) remained in good health. The European inhabitants 
of the West Indies, Barbados, Jamaica, St. Kitt’s, Antigua and the islands 
of St. Martin and Curasao, are the desc43Qdant8 of white settlers and are 
to be found to-day, healthy and vigorous. The German colony of Espirito 
Santo, in Brazil, which was founded in 1847, is nowin a flourishing con- 
dition, with a birth- and death-rate comparable with that of Europe. 

There is also the oft-quoted unintentional experiment which took place 
ill the Dutch East Indies 289 years ago. In 1655, eight Dutch soldiers 
were sent by the Netherlands East India Company to the little island 
of Kissa, 16 miles off Timor. It appears that this lonely outpost was 
quite forgotten, and the men soon realized that they had been marooned. 
They had t^leir wives with them, so they built houses and cultivated the 
land. They have been wonderfully fertile and now number over 300, and 
are a sturdy race, with no signs of ill-effects from inbreeding. Many have 
.European fair faces and complexions, light hair and blue eyes. The 
example of the Dutch Island of Saba is also quoted by Bagshawe. This lies 
near St. Kitt’s and, for 250 years, an Enghsh-speaking white community, 
without racial admixture, has existed and multiplied, though it is now 
declining under the stress of economic circumstances. Price, in 1%4, 
writing of this community, concluded that cold -temperate zone whites 
can retain a fair standard for generations in the trade-wind tropics, 
provided that the location is free from the worst fonns of tropical disease, 
and that the economic return is adequate. Whatever may be the ultimate 
truth of this matter, it is not only ad\n8able, it is necessary, to send 
l*'i\iropean children, at six or seven years of age, to a temperate climate to 
1)<‘ (‘ducated. With few exceptions, serious harm results from keeping 
white children too long in the tropics, though European infanta up to four 
or five years, it is true, thrive in most tropical climates with the exception 
of the West Coast of Africa. 

After prolonged residence in tropical highlands, especially those of 
East Africa, nervous changes are specially apt to develop. It is possible 
lhat many of the nervous symptoms attributed to climate and altitude 
••lay be the result of isolation and other social influences inherent in 
•'osidence in some tropical countries. While exceptional examples of the 
Mirvival of the European race in some tropical, though maihly insular 
■ limates, exist, the general opinion is that, whenever it hiM been attempted 
a considerable scale, the second and third generations show departures 
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from type, suggesting that prolonged residence in the tropics is capable 
of altering the racial type. 

TROPICAL CLIMATES 

According to Supan’s classihcation the following are the main types of 
climate : — 

Tropical or warm climates. — ^Tropical climates extend from the equator 
to the mean annual isotherm of 20° C. The northern limit is situated at 35° of 
north latitude ; the southern at rather less than 30° southern latitude. The 
true tropical zone is divided from the subtropical by a purely arbitrary line 
which represents the isotherm of 20° C. for the colder months of the year in both 
northern and southern latitudes. The tropical zone corresponds roughly to 
23J° N. and S. latitude, being more or less confined to the tropics of Cancer 
and Capricorn. 

The svbtropical zone lies between the isotherm of 20° C. (68° F.), for the 
temperature of the coldest month, and the same for the mean temperature of 
the year. This includes a portion of North America and a considerable portion 
of l^uth America, Afirioa, Asia Minor, Persia, North India, China and Australia. 

In the tropics there are four divisions of warm climates, viz., the equatorial, 
the trade-wind, the monsoon belt and the moimtain climates. 

The equatorial belt. — ^Those localities w ithin a few degrees of the equator 
are always subject to rain and cloud, because the hot air is charged with aqueous 
vapour from the sea. This belt is subject to alternate seasons of wind and 
cahn, e.g., in January to the north-east trade winds, and in July to the south- 
east trades. Such places are Southern India, Ceylon, Java, Colombia, South 
America, parts of the Nile Valley, and the Cold Coast. 

Trade-wind belts. — The lands which lie outside the boundaries of the 
equatorial or rain belt, situated some 20° to 35° N. or S. latitude, are among 
the driest of the world, except in India, where the south-west monsoon brings 
a little rain into the dry regions of the Punjab and Sind. These places are 
the dry zones of California, and other parts of North America, the Sahara and 
Nubian Deserts, parts of Arabia and Persia, Argentine, South-West Africa and 
Uie intmor of Australia. 

Monsoon belts. — The monsoons are classifiable into,* — ^north-east, south* 
west, north-west, south-east, and west monsoons. 

The north-east and sovih-toest mons(X)ns are met in the Indian Ocean and 
on its coasts. The interval between these two monsoons is characterized by 
changeable winds, which blow alternately in opposite directions — north-east 
and south-west. The latter prevails in May, June, July and August ; the 
north-east, which is due to the cooling of the plains, is really a trade wind, and 
blows in November, December, January, February and March. On the south- 
west monsoon southern India largely ciepends for rain. 

Norlh-icest and south-east monsoons are found in the southern hemisphere, 
especially in Australia. 

The west monsoon is a south-westerly wind along the coast of Africa, hx>m 
the Cepe Voxie islands down to Wal^ch Bay. 

Cliinates.' — The effect of elevation is to lower the temperature. This is 
due pi^ly to the expansion of the air, partly to the lessened amount of earth 
to radiate Hack heat (that which is absorbed by the rooks and soil), and partly 
to the movement of the wind. The greatest blessing of these eleva^ons in 
the trofucs is that they provide cool hill stations to which resort may be h sd 
during the hottest months, and where the climate simulates perpetnal spring* 
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* The main factor is the 8un*s rays, which in tropical climates are vertical and 
thus penetrate to a degree unknown in temperate zones ; at the zenith they 
are fifteen times stronger than when the sun stands 10° above the horizon. 
There are two other climatic factors which act adversely : the humidity of 
the air, which is usually much higher than any experienced in Europe, and the . 
air currents. Apart firam these, the main disturbing factor to the newcomer 
is the small daily variation in the temperature, which seldom falls below 68° F. ; 
in vain he longs for the coolness of the twilight. The evenness of the tropical 
climate, so different from the extremes in which the European has been brought 
up, does not lead to alleviation of existence, but to the very opposite. The 
lack of daily variations between night and day, winter and summer, becomes 
monotonous and deprives the European of the stimulus to which he has been 
accustomed. This is paralleled by the everlasting twelve hours of darkness 
succeeded by twelve hours of light. The low-lying tropics usually have an 
isotherm of 78° F. compared with that of Central Europe of 48° F., but for every 
300 feet of elevation above sea-level the temperature is reduced by 1° F. 

It must not be thought that the geographical torrid zone necessarily embraces 
all the true tropics. The highest isotherm lies some 10° north of the geographical 
equator, and north and south of this line is an isotherm of 20° C. (68° F.), and 
even witliin this warm zone there is a subdivision where, in the cooler months, 
the temperature never falls below 68° F. 

Three factors must be considered in any tropical climates ; these are the 
humidity of the air (the wet-bulb temperature which usually roaches a figure 
of over 80-90 per cent.) ; the actual temperature ; and the air currents. Thus, 
it is not right to speak of a “ tropical climate ” as a complete entity, for there 
are minoi^ variations to be found within the tropics themselves. 

Humidity is a decisive factor in climatology. Thus, warm air contains 
more moisture than cold, and, when cooled, a point of precipitation is reached ; 
this is known as the “dewpoint.” 

Abadiuie humidity is the actual amount of vapour present in air, expressed in 
terms of weight and pressure. This remains a constant factor unless influenced 
by evaporation or precipitation, and it reaches its maximum expression in the 
equatorial zone. 

Relative humidity is the percentage of vapour present in the air of the total 
amount possible in complete saturation. It is measured by the differences 
between the wet and dry bulb thermometers. 

Saturation deficiency is the difference l)etween the absolute humidity and 
the amount that air at the same temperature could contain if saturated. The 
greater the difference the more rapid is evaporation from the skin and consequent 
cooling of the body. Saturation deficiency tends to be high in the dry hot 
Bcason, but to decrease with the fall of rain. These are important factors, 
l>ecauae temperature and humidity govern the mosquito and the malaria para- 
site (see p. 46). 

Within the tropics will be found every intergradation bet ween a marine and 
a continental climate, with very considerable seasonal variations on tropical 
seaboards and in tropical islands. Thus, in the Antilles and in the Pacific, 
variations of 30° F. are the rule, while inland, in the centre of the African 
continent, these variations may l>e as high as 64° F. Naturally, the amount of 
rainfall and the duration of the season exert a considerable influence upon the 
temperature and humidity. 

In India, the Far East and 6ther parts of the tropics, the rainy season is 
known as the monsoon, so that there are considerable temperature variations 
during the dry and wet seasons. 

In the ncuthem summer, portions of the Asiatic continent become over- 
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heated, and in the southern summer the Australian and African continents, 
become similarly hot, and thereby air currents are initiated, which are known 
as the south-west monsoons of India and East Africa, the north-west monsoons 
of Australia, and the north-east monsoons of East Africa ; in the regions lying 
between thm there are minor intergradations of these major winds. 

The summer monsoons are invariably sea winds, which bring rain and overcast 
doudy weather and, if they blow from a cooling sea, cause a drop in temperature. 
The winter monsoons, on the other hand, are land winds, and are accompanied 
by hot, dry weather and a rise of temperature ; tfee relative dryness is determined 
by the character of the continent from which they come. 

Sea currents to a certain extent induenoe tropical climates. Thus, the cold 
antarctic current considerably cools the air on the west coast of South America, 
where the coastline comes into contact with the Antarctic or Humbold current, 
and this exerts a considerable effect upon the rainfall, which may be, as in Chile 
and Peru, practically non-existent. The barometric pressiire is, on the average, 
ccmsiderably lower than in temperate zones, but its influence upon human well- 
bdng is not completely understood. 

The regulation of heat. — A given area of a portion of the tropics receives 
the same number of rays from the sun as any other place on a line drawn round 
the globe in the same latitude, but atmospheric heat is not derived directly 
from the sim's rays so much as from the black heat which is radiated from the 
land and sea. The rays from the sun heat the earth first, the process being 
known as insolation. This heat has little power on land, and its effect is sensibly 
diminished even twenty feet above the surface of the earth. The earth is 
surrounded by a gas envelope, or atmosphere^ the density of which is equal to 
a pressure at sea-level of 15 lb. to the square inch, becoming less dense the 
farther away from that level. This atmosphere absorbs a large proportion of 
the rays which strike its outer limit ; hence the sun’s rays, which travel obliquely 
in the temperate zone, traverse a thicker layer than the rays which travel reHicaUy 
in the tropics. In this way in the non-tropical regions radiation is alisorbed 
by the intervening atmosphere and the power of the sun correspondingly 
diminished. 


PHYSIOLOGICAL EFFECTS OF A HOT CLIMATE 

Observations have been made on the effects of tropical climates on 
body temperature, skin reaction, respiratory exchange, urinary excretion 
and the blood, with conclusions on the influence upon digestion, circula- 
tion, nervous system, generative organs and growth. 

Body temperature. — On passing from a temperate to a tropical 
climate, a slight rise in body temperature occurs, rarely exceeding 1.6° F., 
and, after arrival in the tropics, the body temperature of the newcomer 
remains slightly elevated. In fully acclimatized Europeans it settles 
down to normal, but tends to rise after severe exercise. Breinl found 
the rectal temperature to be 101° F. (88.8° C.) on really hot days. 

Ixyw fever . — Low fever is the term given to a little understood clinical 
picture, which is known by this va^e description all over the world. It is 
characterized by lassitude, debility, and a long-drawn-out slight rise 
of temperature, which is frequently seen in children. Veiy little has b^n 
written about this condition in textbooks, but all are agreed that, in spite 
of the most* searching bacteriological and biochemical tests, no specific ' 
organism can be held r^ponsible. If low fever cannot be assigned to 
latent malaria, amoebiasis, closed tuberculosis or gonorrhoeal prostatitis. 
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then it is certainly due to climatic causes, and probably “ climatic fever ” 
would be a better term. Most people become acclinmtized to heat, but 
there are some whose heat-regulating mechanism cannot adjust itself 
fully ; it is in these that climatic fever is seen. The temperature seldom 
rises above 100® F. at the hottest period of the day ; but the most noticeable 
feature is that the daily minimum is raised the same amount as the maxi- 
mum. The daily variaiioiu remain the same as before, but the entire level 
is shifted upwards, Some of these patients feel chilly at times, and during 
these spells are most uncomfortable. Occasionally, too, there are spells 
of excessive sweating. 

Skin reaction. — The regulation of body temperature is effected by 
evaporation of water from the surface of the body and from the lungs. 
It has been shown on a white skin that the temperature falls with the 
appearance of perspiration, and the greater the degree of perspiration the 
greater the fall of temperature. A brown or black skin absorbs more 
heat than the white skin, and the point where perspiration shows itself 
is reached earlier in the bro^-skinned, showing that their cutaneous 
heat-regulating apparatus is more sensitive than that of the white man. 
In especially sensitive skins a particularly irritating form of urticaria — 
solar urticaria — has been described. 

Respiratory exchange. — The cooling process is brought about by 
evaporation of water from the lungs. This is also to some extent effected 
by the attraction of the bjood to the surface of the body. The place of the 
blood thus transposed is taken by air, and this is one of the reasons why 
the lungs weigh less in hot than in cold or temperate climates. The lung 
capacity is increased, and thereby the respiratory rate lowered. 

Urinary excretion. — The excretion of urine is diminished with 
exci^ssive sweating. The daily output of a normal adult in the tropics 
is 500-600 C.C., as against 1,500 c.c. in temperate countries. The urine 
is concentrated, but apparently contains the same amount of waste material 
as that found in 1,500 c.c. 

Blood. — Investigations made in Java, the Philippines, Queensland, 
West Africa and Iraq indicate that climate alone produces no change in 
the formed blood elements, except a shift of the Ameth index to the left 
{see p. 1004). Nor does it produce any change in the hsBmoglobin content 
or the specific gravity of the blood. De Langen and Schut in Java asserted 
that in the newly-arrived European the blood sugar is augmented ; or, 
at any rate, there is a rise in the fasting level. On the other hand, Sund- 
stroem concluded that the endocrine glands in the tropics exhibit a decrease 
of functional activity and that, therefore, a parallel decrease in blood 
sugar should take place. He found this in European individuals of both 
sexes who had lived in the tropics since birth. A positive correlation, 
moreover, was found to hold between the sugar values and the lecithin 
and cbolest^l ratios of the blood. 

The non-protein nitrogen, on the other hand, was about 25 per cent, 
higher than the standard average, but the urea, uric acid and total creatinin 
were normal. It is thought that endogenous and exogenous toxic sub- 
stan^, usually excreted by the kidneys, may be retained, and possibly 
predispose to the greater susceptibility to nephritis in a tropical climate. 
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The phosphorus content of the whole blood was found by Sundstroem 
to be normal in individuals who had spent less than one year on the tropics, 
after which it dropped to 9 mgm, per 100 c.c. for men, and 7 mgm. for 
women. Various suppositions are advanced to explain the diminution 
of blood phosphorus in the tropics. It is thought that a climatic stimulus 
may temporarily throw an excessive load on the mechanisms which supply 
phosphorized material for anabolic processes. The content of total fatty 
acids in the blood of tropical residents appears to bo considerably lower 
than the available standard figures for cooler climates, and this is thought 
by de Langen to explain the rarity of gall-stones in Malays and Javanese. 

Digestion. — At first, as every traveller will testify from experience, 
there is a stimulation of appetite, as well as of the digestive function, 
but this is a passing phase, and is soon replaced by a diminution of appetite 
and a lowering of the digestive capacity, together with a diminished desire 
for animal food. Diarrhoea and loose stools, probably of bacterial origin, 
are almost invariable on first exposure to tropical conditions, and are soon 
followed by constipation. 

Circulation. — Exercise and humid heat produce a rise in blood- 
pressure, and also in the pulse-rate (Breinl). The average systolic blood- 
pressitfe shows a tendency to fall concomitantly with profuse sweating. 
The diastolic pressure closely follows the systolic. 

Nervous system. — On the nervous system the first effects are those 
of stimulation, followed by depression, and when the latter is prolonged a 
neurasthenic state with loss of memory (“ West Coast memory **) is 
produced. In tropical residents of long standing there is an exaggeration 
of the deep reflexes, tachycardia and, eventually, insomnia and abnormal 
reaction to stimuli, which indicate a loss of control by the higher centres, 
and result often in unreasonable mental irritability. Electrical conditions 
also powerfully affect the nervous system. Among European children, 
especially, the whole nervous system appears to be in unstable equilibrium, 
resulting in fretfulness, peevishness and often in frank hysteria. 

Generative functions.— In both sexes there is at first a stimulation 
of the sexual libido, but excess is soon followed by exhaustion, and often 
by sexual neurasthenia. In children, puberty is attained at an earlier age, 
so that in European girls menstruation commences about a year earlier 
than in temperate climates, but the onset of the menopause is not retarded. 

Growth.— Growth in children is rapid, and the children are usually 
under weight and lacking in physical strength. European children 
brought up in the tropics are generally described as “ weedy.’’ 

equilibrium Bnd basal metabolism. — Sundstroem and 
^Mdsma are the only authorities who have carried out much work on 
wen problems. ^ The former finds that, as a rule, the alveolar carbon 
dioxide tension is lower^ in the tropics. An alkalosis is present in the 
majority of tropiral residents at the height of the hot season, and may 
have an ondesurable effect on physical well-being. It is suggested 
adeqnato water intake and muscular exercise may prove effeetive in 
oombatii^ this tropical alkalosis. Disturbances of endocrine fwotion 
tore an mport^t effect on energy metabolism. Sundstroem foond that 
the basal metabolism varied between 26.6 and 86.1 calories, with an 
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average of 81. Variations in the dry- and wet-bulb temperatures may 
affect the level of basal metabolism in certain individuals. Radsma 
concludes that the basal metabolism in Europeans is reduced, or is, at least, 
lower than the standard values which obtain in Europe and America. 

Perspiration. — Adaptation to high tempejatures involves an increased, 
capacity to produce sweat, a greater sensibility of the temperature regula- 
tory apparatus, and, probably, power to limit salt loss. In failure, 
such as that due to excessive salt loss, or to a steadily rising temperature, 
the sweat glands may be at fault. Anyone who is exposed to high tem- 
peratures should take warning if a degree of exhaustion increases with 
each day of work, and if his degree of recovery decreases with each night 
of rest (Dill). 

Sweat varies in composition, depending upon its rate of production. 
In very hot weather, salt depletion is high, not only because of the large 
volume of sweat produced, but because this sweat is unusually high in 
salt content. WTiile the sweat glands excrete lactic acid, it is believed 
that this is not wholly dependent upon muscular exercise. 

Thirst , — Thirst does not necessarily depend on a dry mouth, nor does 
it depend on the volume of blood plasma, or of the extracellular phase 
of other tissues. It depends upon the diminished water content, and 
I)ossibly upon increased osmotic pressure, of body cells. Wliile thirst 
may be somewhat alleviated by rinsing the mouth, it can be satisfied only 
when water has been deliver^ by the blood-stream to thi* tissin* cells 
demanding it (Dill). 

PATHOLOGICAL EFFECTS OF TROPICAL CLIMATE 

The tropical light produces effects in the skin, which may be acute or 
chronic. They range from a slight sunburn to a severe erythema, accom- 
panied by blisters and cedema, so that a reaction may set in, accompanied 
by oedema and septic absorption. Sometimes this may be so severe as to 
produce delirium, or even coma. Chronic skin irritation is shown by 
pigmentation and by vasomotor changes ; that tliis is a process of natural 
s('Iection is demonstrated by the skin pigmentation of most native races, 
so that the ne^arer the equator, tlie dark<»r tht^ skin, whilst that of a 
liUropean long resident in the tropics tends to darken. Wlien slight 
pigmentation is established, probably as the result of increased blood 
hair and nails grow more rapidly. IVeckles — small brown 
pigmented macules — are specially apt to occur in sandy, red-haired, or 
fair children brought up m a tropical climate, and are oft-en very dis- 
figuring. Chronic solar dermatitis, or sailor’s skin, especially at the back 
of the neck, is characterized by atrophy, wrinkling, pigmentation, white 
atrophic patches, telangiectases and warty groins (solar keratoses), 
Home of which, especially when situated on the dorsum of the hands, 
eventually become the seat of basal (rodent ulcer type) or squamous- 
tailed neoplasms. 

Summer eruption is a polymorphic erdption of erythema papules, 
vesicles, weeping areas, crusts, pigmented macules and small depressed 
Hears, which occurs in exposed pai^, especially among children. 

Urticaria is occasionally produced by the actinic rays. Xeroderma 
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j^ieniosum (Kaposi’s disease) is a congenital condition of light-sensitive- 
ness, such as is pi^uced by X-rays on a normal skin. This manifests itself 
by pigmentation, telangiectasis, keratoses, and finally epithelioma, and 
is produced by the ultra-violet r^on of the spectrum. It is said to he 
.more frequent in the tropics than elsewhere. The effed of tropical sunlight 
on (he eyes is well known to produce glare conjunctivitis, necessitating 
smoked or tinted spectacles. Pterygium, or a triangular fibrous growth 
extending over the conjunctiva to the pupillary margin with its base 
towards one or other canthus, is common in tropical residents, and is 
considered to be a natural reaction to intense sunlight. 

The congestive disorders, affecting especially the liver and bowels, 
are probably due more to sudden changes of temperature. The con- 
centration of the urine predisposes to gravel and probably accounts for 
the frequency of renal and vesical calculi in tropical residents, especially 
in hot dry climates, such as that of the plains of India and the arid districts 
of the Sudan and Northern Nigeria. People living in hot, dry climates 
with an inadequate water supply (conditions which obtained for the 
troops in the western desert of Egypt) may suffer from backache or even 
renal colic, probably due to deposition of salts in the renal pelvis or 
ureter. It is evident that, where fluid loss is so great, exceptional 
intake of fluid becomes necessary. 
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LIFE IN THE TROFlCS--{Continued) 

CLOTHING AND GENEBAL HYGIENE 

Tropical clothing must protect ihe person from solar rays while interfering 
as little as possible with evaporation of moisture from the body. The 
clothes should be light and loose, whilst the material which comes next to 
the skin should be non-absorbent and such as can be frequently washed. 

The ftun helmet (or topee) should be white or khaki and have a dark or green 
lining. It should not exce^ 15 oz. in weight, and the brim, sloping downwards, 
should project horizontally from the head for at least 5 inches. A posterior 
projection is useful, and some recommend a flap of aluminium foil. The helmet 
is known as a solah topee, and is made of pith. At higher altitudes the double 
Terai hat may be worn. To prevent glare, and to mitigate the effect of light 
— as some believe that the iU-effeots of the solar rays are exercised through 
the eyes — smoked or tinted glasses should be worn. 

Cluing should above all be loose, especially around the neck and chest. 
The fabrics usually worn are white or light-coloured, and cotton is best. A light 
flannel shirt is popular. Whenever washable trousers or shorts are not used, 
light cotton or calico drawers should be worn for the sake of cleanliness and 
to prevent irritation. A backless waistcoat should be worn in the evenings. 
Where a coat or tunic is not worn, a spinal pad of dark material is very use^l, 
and a strip of cotton sewn inside the shirt answers the purpose very well. Experi- 
mental work in the Philippines has shown that white or kbi^ are the best 
colours for external clothing in their power of reflecting heat. Khaki is preferable 
for thin clothing. White drill is stiff and not well ventilated ; tussore silk 
is better but expensive. Most experienced travellers agree that the lighter 
the clothing, the better. Shorts are universally worn by men and. once the 
skin of the knees has become used to the sun, have many advantages, the chief 
disadvantage being that they expose an extra skin area to mosquito bites. 
This, however, can be avoid^ by flaps which can be turned down under the 
puttee or legging. The provision of slits under the armpits of shirts and tunics 
is advisable. 

fiooU call for careful selection and should be half a size larger than those 
^^'om in temperate olimates, as the feet swell readily in the heat. 

Women's clothing in the tropics. — As fsLt as possible women's clothing 
should be made of fine, soft cambric. It should consist of vest and knickers, 
which may have to be changed two or three times daily to prevent prickly heat. 
A loosely-woven ootton gauze, or a mixture of cotton with silk or wool, is best. 
Stockings, if worn, should be of cashmere, but bare legs are betier. A white 
umbrella, or parasol, lined with green, is almost a necessity. 

Children’s clothing in the tropics. — Children's garments should be 
soft, light and loose. In very hot weather ootton gauze is best for under- 
( lothing, as the sensitive skin is very liable to priok^ heat. 

Hxercise. — Regulated daily exercise in the open air is necessary for the 
pa^Bcrvation of h^th in most tropica! countries. It aids the body to get rid 
<»t' waste material hj inducing increased respiration, and is a stimulus to diction 
^Lud defssoation. It is customary to take exeroue in the early morning and 
afternoon. It is a great mistake to oyecdo hard fj^ss such as tennis 
>r squash in a tropical climate to Uie pcflnt of fatigue. This is more likely to 
& m ist ake of newcomers. 
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Horsebaok riding is ther ideal exeroise for the tropics on the adage that the 

best thing for the inside of a man is the outside of a horse.” A warm bath 
or a rub down should always be taken on return from exercise. 

Sleep and rest. — sufficiency of unbroken sleep is essential as a protection 
against the ill-effects of the tropical climate, but unfortunately it is not always 
easy to obtain. In the hot stuffy nights of the Indian summer, and during the 
dust-storms of Central Africa, sleep becomes almost impossible, especially 
when it is necessary to use a mosquito-net which impedes the circulation of 
the already stiffing air. Therefore it is better to sleep in a mosquito-proof 
room, which permits electric fans. The ideal solution is an air-conditioned 
bedroom. 

In most very hot countries, the daUy siesta is customary, and is usually taken 
after lunch. An hour’s rest after the mid-day meal is recommended, especially 
for European women and children. 

Food. — ^It is scarcely possible to lay down general principles, since individuals 
and races differ so greatly in their conception of an adequate dietary. There 
is little doubt that the normal digestive capacity is less in the tropics than in 
temperate countries. Large quantities of fcxxi are not well tolerated, though 
possibly this may to a certain extent be attributable to monotony. The diet 
should consist of foods which produce a minimum of heat. Of the true essential 
constituents, fats and oils have the highest (caloric value, hence the almost 
instinctive aversion of Europeans to greasy and fatty foods in a hot climate. 
There is usually, also, a distaste for animal food, a fact which, to a certain extent 
is e:^lained by the poor quality of meat obtainable and the lack of variety in 
cooking, but it is true that excessive meat-eating is harmful, probably on account 
of incomplete digestion, unless the body is being actively exercis*^. This is 
true for most tropical countries which have a cool season, such as the Sudan 
or Iraq. Meat can safely be eaten in the cold wmther. 

^nerally speaking, the indigenous products of tropica) countries are more 
suitable for food than any which can be imported. Sugar is a very valuable 
constituent of the diet in the tropics, especially for Europeans on the march, 
or on safari. Preserved dates and figs therefore have acquired a reputation 
among tmvellers, and it is wonderful how sustaining they prove, provided that 
the requisite quantity of liquid can be procured at the same time. 

Breast-fed infants thrive as a rule, and it is said that the quality of the milk 
of European mothers is usually not impared by tropical conditions. Most 
women, however, cannot stand the strain of nursing their babies for any length 
of time. In Panama it has been found that the average milk of the coloured 
woman foster-mother is richer than that of the European, and often upsets 
the digestion of the child, and in most parts of the tropics babies must be artificially 
fed. Cows’ milk being very rarely obtainable, it is neoessary to use prepared 
foods, such as MeUin’s, or condensed milk, j^nana flour is an excellent food 
for inffints. 

Beverages. — ^An ample supply of water is vitally necessary, and the amount 
var^ according to the climate. During the hot weather in the Deccan in 
India, wh^e the percentage of moisture is very low, it was found by Hunt 
that Europeans who lived in tents and took a good deal of exeroise required 
m less than three gallons of water per head per day. This was recognised 
during the 1914-1918 war, in Iraq, where it was laid down that even a ^eater 
quantil^ than this might be need^ under the conditions that prevailed. Bvwi 
excretion of urine was by no means excessive. As much 
as 1*32 gallons is required to neutralize the heat produced by metabolism, quite 
the heat added to the body by radiation and conduction. This 
holds for dry climates, with a high dry-bulb temperature, but in mtM 
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atmospheres, where evaporation is at a minimum, imbibing large quantities 
of fluid merely increases the discomfort. 

AUxhci. — ^Widely differing opinions are expressed about alcohol. By some 
— and it may be said the great majority — ^it is deemed a necessity and con- 
sequently beneflcial, whereas by others, except for the old and infirm, it is 
regarded as a luxury and superfluous. Be that as it may, a moderate amount 
of stimulant, reserved as a “ sun-downer,’* probably does no harm, reviving 
the flagging energy and lending some colour to an otherwise monotonous day. 
It is probable that the average healthy adult male can deal satisfactorily with 
oz. of alcohol daily. Alcohol taken with the evening meal promotes good 
fellowship, stimulates the appetite and aids digestion, but the inevitable whisky 
and soda between meals is to be discouiaged. 

Aerated drinks are universal, and are useful in aiding digestion. The 
“ Frigidaire,” by providing cooling drinks, which are beneficial in relatively 
small quantities, has done a great d^l towards the promotion of comfort and 
health in tropical countries. 

PRINCIPLES FOR INCREASING BODILY COMFORT 
IN THE TROPICS 

In order to maintain reasonable health in the tropics, and also to preserv e 
working efficiency, it is necessary to improve the measures for promoting 
bodily comfort by every practical method. Human comfort in hot 
climates depends upon four factors : (1) the dry-bulb temperature, 

(2) relative and absolute humidity, (3) air movement, and (4) radiation to 
and from the surroundings. 

\Mien considering this problem it is essential to remember that the 
average individual is continuously producing 400 British thermal units of 
Jieat energy per hour within his body, due to chemical changes associated 
with circulation, respiration and glandular activity, so that it has been 
estimated that the resting human body produces, every hour, enough heat 
to boil a quart of water. It has been shown by direct measurement of 
the heat loss from the human body of normally clothed individuals sitting 
in an ordinary room in still air, at a temperature of 69® F. and 60 per cent, 
relative humidity, that the body loses heat to its environment in the 
following proportions : 46 per cent, by radiation ; 31 per cent, by con- 
vection and conduction to the air ; and 24 per cent, by evaporation of 
the moisture given out from the lungs and skin. 

Although the mt^chanism for regulating the temperature of the body 
may increase the heat loss by sweating, if that heat loss is limited by the 
environment, considerable discomfort is produced. If the temperature of 
< he walls of a room is 79® F. (in place of 69® F. mentioned), the loss by 
radiation from the body is already halved. Radiation is increased by 
artificial methods for promoting currents of air, e.g., by electric fans, and 
temperature of the air may be reduced by air-conditioning. TTiese, 
iiowever, and especially the latter, are expensive measures, only to be 
undertaken in the larger and well-established centres. Air-conditionii^ 
n workrooms and bedrooms is the ideal policy, and is now to be found in 
lost tropical towns, but the expense of maintenance renders it impractic- 
^ >lo save for large commercial undertakii^. 

With the idea of counteracting the radiwt heat from the sun and sun- 

3 
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heated surfacee, Crowden has investigated the physical properties of low 
emissivity and high reflectivity for radiant heat possessed by bright 
metallic materials, such as aluminium foil. It has been shown by 
laboratory tests that, by providing sun-helmets with an inside lining of 
bright metallic foil, the heat radiated to the head 'is much reduced. 

It has been found, too, that the insertion of a layer of aluminium foil 
in the walls of sheds and lightly-copstructed buildings is highly effective. 
The provision of a one-inch air space and its replacement by reinforced 
aluminium foil adherent to thick kraft paper, affords insulation approxi- 
mately equivalent to thirteen inches of brick. Crumpling the aluminium 
foil, so as to make it occupy all the air space, appears to enhance the effect. 



Rg* 1. — Poftaklc air-coiHlitloned cubicle. {Newcon Indwttries^ Ltd.) 

Preparations of aluminium and aluminium paint can be applied to the 
mside lining of tents and marquees, and this is a practical measure which 
is receiving considerable attention for rcMlucing the inside heat produced 
by radiation. Asbestos pa^r and cork lining, one inch thick, are also 
eflScient, though expensive, insulating materials. 

Acting on these principles, Crowden and Angus have devised a form of 
portable air-conditioned cubicle. It consists of twenty-one panels, which 
clip together to make a small room, 10 ft. X 6 ft. x 7 ft. high. The walls 
are insulated by reinforced aluminium foil in the air space, which prevents 
the penetmtion of heat from outside and lessens the load on tne small 
air-conditioning unit serving the cubicle. A power consumption of less 
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than 800 watts has been found adequate for air-conditioning the cubicle 
under extreme conditions of tropical heat and humidity. It is possible to 
maintain a temperature of 80.6° P. dry-bulb, 71° F. wet-bulb, 67° F. dew- 
point, and 65 per cent, relative humidity, with an outside climate of 95° F. 
dry-bulb, 90° F. wet-bulb, and 88° P. dew-j)oint temperature, with a 
relative humidity of 82 per cent. The use of such cubicles in tropical 
bungalows, offices, factories, hospital wards, ambulance room and mines 
should go far to eliminate the trials of a tropical climate and maintain 
normal health (Fig. 1). 

NUTRITION IN THE TROPICS 

Nutrition is of fundamental importance, and the practical application 
of its main principles to tropical native races has only comparatively 
rt^cently attracted the attention which it deserves. Even yet, however, 
the wider implications of the problem are little understood. The whole 
subject is another illustration of the parable of the soil and the seed. 
Defective nutrition arising from unbalanced and unsuitable dietaries is 
now held responsible for many of the ills of mankind, and said to 
predispose, indirectly, to parasitic infection. Within thf^ space available 
it is only possible to give an outline of the principles involved. 

The constituents of food are proteins, fate, carbohydrates, minerals, vitamins 
and water. The functions of these substances are so interconnected that those 
of any one group must be considered in reference to the others, for, 
although proteins are necessary for building up the body, they can also be 
drawn upon for the production of he^t and work. Again, although the greater 
amount of carbohydrates and fats is used for this purpose, yet some are also 
•necessary for building up proteins of body cells. The vitamins act as accessory 
food factors, and are concerned in metabolic processes (see p. 394). 

Carbohydrates. — The carbohydrates include sugars and starches ; they 
constitute the cheapest source of energy and make up the groat bulk of the 
food of man in most parts of the world. They are divided into monosaccharides 
ami polysaccharides. 

M onomccharides are easily soluble, and diffuse through the alimentary tract, 
without being acted upon by the dig^tive enzymes. The three commonest 
arc glucose, fructose and galactose, and, when consumed in larger quantities 
than are required for the immediate purposes of the body, they are built up 
into the polysaccharide glycogen^ which is stored in the liver and reconverted 
into glucose when requln^ for the maintenance of the normal amount in 
the blood. 

Oltuxm (d6xtat)sc, grape sugar) is abundant in many fhiits ai^ vegetables 
and is also the product of the action of digestive enzymes on all starches. 

(^akuio9e is formed, together with glucose, when the digestive enzymes act 
i>}K)n the diaacoharide lactose (milk sugar). 
fHmcdiaruUs are converted into ntonosaooharides during digestion. Three 
f them, viz., saccharose, lactose and maltose, are important constituents of 
Saechanm is cane or hut sugar. Pineapples and carrots are particularly 
r" h in it. LaeUm constitutes 4-5 per cent, of cows* milk and 6-7 per cent, of 
J»nan milk. MaUou occurs in germinating cereals, malt and malt products, 
^^olyaaecharidu . — ^Most of these are insoluble in water. Those available fosr 
'ri are broken up by digestive enzymes into glucose. Starch is stored up 
' plants, especially in seeds and tubers, £<» requirements of energy and growth. 
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The action of digestion is to break up the molecules of starch and convert them 
into soluble dextrin. Glycogen occurs in all parts of the body, especially in 
the liver; there are considerable quantities in the muscles and it is rapidly 
used up during active muscular exercise. CeUtdoee is resistant to the action 
of digestive enzymes, and gives bulk to the food and appears unchanged in 
the fseces. 

Fats . — Fais and lipoids are substances which are soluble in ether, chloroform 
or benzene, but insoluble in water. Examples of edible oils are olive and coconut 
oil. 

The fats are compounds of glycerol and fatty acids. When fat is treated 
with a strong alkali, the glycerol is freed, and -the alkali combines with the fatty 
acid to form a soap. 

FaUy acids lend consistency to fats. The better known are but 3 rric, caprylic, 
capric, lauric, myristic, palmitic and stearic acids. The last three are solid 
under ordinary temperature conditions of the tropics. 

The other series of fatty acids have general formulae in which the number 
of hydrogen atoms is less than double the number of carbon atoms. They 
are known as unsaiuraied fatty acids and can take up iodine (or other halogens). 
Soft fats, or oils, which are rich in unsaturated fatty acid^ can be hardened 
to a desired consistency by hydrogenation. 

The fats are composed of the same three elements as carbohydrates, but are 
superior to them as a supply of energy and for storage. Fats can be synthesized 
from carbohydrates in the animal body. 

Lipoids are not allied to fats in chemical constitution. They are present 
in the tissues of animals and plants, and are necessary for many vital functions ; 
but the relationship of those taken with the food to those in the body cells is 
unknown. The sterols occur widely in living matter, and whep ergosterol is 
irradiated with ultraviolet light, caidferol is pr^uced, which has the physiological 
properties of vitamin D (see p. 410). 

Proteins. — ^The proteins are the chief constituents of all the cells of the 
body, and form the greater part of all the organs and muscles. All contain 
the five elements, carbon, nitrogen, hydrogen, oxygen and sulphur. 

On hydrolysis, or by the processes of digestion, substances of progressively 
smaller molecular weights are produced— proteoses first, then peptones, and 
fiimlly amino-acids, of which twenty-one are known. The amino-acids con- 
stitute the nuclei around which the proteins are built, and the different permu- 
tations provide an almost infinite number of proteins. 

The amino-acids are all compounds of NH^ groups, with various organic 
acids. Examples are : glycin, alanin, leucin, aspartic acid, arginine, histidine, 
and trytophane. Some proteins are rich in aiTiino-acids, poor in others, 
and there are some proteins, such as zein of maize and gelatin, which do not 
contain any of the important amino-acids. There is a great deal of evidence 
to show that the nutritive value of proteins is dependent upon the kind and 
proportion of these acids. Thus, if young rate are fed on zein, which contains 
no tryptophane, they fail to gr(5w, but recover when this substanoe is add^. 

Amino-acids essential in the food are lysine, tryptophane, histidine, cystin, 
methionine, phenylalanin, leucin, isoleiicin, vaJin and theonine. 

Cyrtin and methionine both contain sulphur and are particulaiiy required 
for the growth and maintenance of the skin, which is rich in sulphtir. Inbere 
are some, such as prolin and arginine which, capable of lynthesis in body, 
may not he necessary in tbe diet of adults, yet cannot be formed fast enough 
for^ ne^ of normal growth, and hence are necessary for tbe diet of iMdmi. 

rroteina have been classified into three groups in relation to tbehr nutritive 
value - 
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(1) “Complete” : when one of these is the only protein in the diet, and in 
sufficient quantity, it can maintain Ufe and support normal growth. Casein 
and lactalbumin, ovalbumin, glycinin of the soya bean, and gluletin of maize, 
are examples. 

(2) “ Partially incomplete “ : these can maintain life, but cannot support 
normal growth. Gliadin of wheat, hordein of barley and prolamin of rye are 
examples. 

(3) “ Incomplete ” : these are incapable of maintaining life or supporting 
growth. Zein of maize and gelatin are examples. 

The body requires a steady supply of protein for the repair of tissues, such 
as the hormones. The muscles, when at work, utilize carbohydrates and do 
not break down their proteins to more than a very small extent. 

It has been determined that about 3 grm. of nitrogen represents the endogenous 
expenditure of a man weighing about 154 lb., corresponding to about 18.75 grm. 
of protein for the maintenance of the body. 

The term digeMivt utilization implies that the proteins of various foodstuffs 
are not equally digested or absorbed. The digestive utilization of meat, fish 
and milk is much higher than that of vegetable products. 

Biological value is a term used to express numerically the ability of proteins 
to satisfy the nitrogenous needs of the body. The numerical figures give some 
indication of their comparative values. Thus, of animal products, beef muscle 
is reckoned at 08, and shell-fish at 72, whilst maize fiour is standardized at 
60. The quality of a protein for body maintenance of the adult can be expressed 
in numerical terms, but the relative requirements of children and adolescents 
are continually changing ; thus a protein of poor value in the early stages of 
life may become more valuable in later years when growth requirements are 
declining and maintenance needs increasing. 

For growth it is shown that the proteins of animal origin have a marked 
superiority over those of vegetable origin, while milk holds pride of place for 
growth -promoting properties. 

The protein requirements of pregnancy can be eerily estimated. The feetus 
and adnexa contain an average of KK) grm. of nitrogen, which may be represented 
as 625 grm. of protein. This amount is built up in 270 days of pregnancy, and 
thus the mean production is 2*3 grm. When this is added to the maintenance 
requirements the total is 17-5 f 2*3 = 19-8 grm., but the protein needs are 
not evenly spread over the whole period of pregnancy, less being required during 
the earlier than during the later months. A woman during pregnancy, how- 
('^'er, is able to store proteins as a reserve against the demands made upon her 
during lactation. 

There are some common dutmees of the tropics which greatly increase the 
metabolic rate, and, although carbohydrates and fats are mainly affected, 
the increased output of nitrogen and the noting of muscles indicate increased 
bix'akdown of the proteins. Malaria is one of these, and so are t^e prolonged 
fevers of the typhus, typhoid and utiduiant groups. An adequate diet should 
< ontain proteim from a variety of foodstuffs, so that all* neoessary amino- 
'U'ids will be present in adequate amounts. 

Animal products supplement cereals better than vegetable products for growth. 

Minerals. — ^Many minerals are present in the body ; for instance, calcium, 
I’fiosphorus, potassium, sulphur, soffium, chlorine, majpiesium, iron, manganese 
iodine, with traces of copper, zinc, fluorine, silicon and aluminium. All 
fx se elements in the human body are neoessary for growth and health, as they 
' t^ r into the constitution of all the times, and are present in large amounts 

bones and teeth, azKl as soluble salts in all the fluids of the body, where they 

contain neutrality, osmotk) pressure and solvent powers, supj^ electrolyte 
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for the action of muscles and nerves, and produce acidity or alkalinity in the 
digestive and other secretions. 

A healthy, active man excretes daily fiom 20-30 grm. of mineral salts as 
chlorides, sulphates and phosphate of sodium, potassium and calcium, and 
small amounto of ammonium salts derived from protein metabolism. 

Salt taken with food supplies the necessary amount of sodium chloride. 
The quantity of different minerals in foodstuffs of vegetable origin directly 
depends on the soil on which they are cultivated. Some minerals are present 
in aU possible human diets in quantities considerably greater than the needs 
of the body. Sodium chloride, for instance, is present in quantities in most 
human diets, but there are tribes in Central Africa to whom common salt is 
not easily accessible, so that the custom of using mineral earth or plant ash 
has developed. The term pica, applied to certain manifestations of a depraved 
appetite, such as earth-eating or bone chewing, is frequently observed in native 
people as a sign of mineral deficiency. 

Manganese has been shown to be essential for growth and health, and is 
present in vegetable in far greater quantity than in animal tissue. 

By far the greater proportion of sulphur in the tissues is derived from the 
proteins of the food. 

Cedcium, phosphorus, iron and iodine have been shown in various parts of 
the world to be deficient in human diets. The greater proportion of the calcium 
and phosphorus in the body is found in the bones and teeth and these elements 
are liberally supptied in the mUk of all species. When stunted growth and 
decay of teeth are prevalent the adequacy of calcium and phosphorus in the 
diet has to be considered. 

Iron is present in the body in small amounts, but is of vital importance since 
it is an essential element in the formation of the haemoglobin of the blood, which 
containj^ thirty times more iron than does the rest of the body. When blood- 
corpuscles become effete and are broken up, the greater part of the iron is retained 
in the body and is used again for the formation of hsemoglobin. Microcytic 
hjrpochromic ansemia, which is very common in the tropics, especially in ancy- 
lostomiasis, is due to iron deficiency. During pregnancy there is a withdrawal 
of iron from the mother’s body to supply the foetus. 

Iodine is necessary for the formation of thyroxin, the hormone of the thyroid 
gland which regulates metabolism. There is about 15 mgm. of iodine in the 
thyroid gland of an adult man, but only 10 mgm. in the rest of his body. Iodine 
is present in sea-water, and products of the sea, such as fish, seaweed and salt, 
contain appreciable quantities. 

The Energy Value of Food 

The energy value of food is supplied by carbohydrates, fats and proteins, 
and is expressed in terms of heat-units or calories, A calorie is the amount 
of beat required to raise the temperature of one kilogramme of distilled water 
from 16® to 10® Centigrade. 

The apparatus utilised for the purpose of determining calorie values is Alwai€r*s 
bomb calorimeter. The heat combustion of mrganic substances depends upon 
their chemical composition. The total energy requirements of the body are 
conveniently expres^ in calories per day, either for the whole body, or per 
kilogramme of body weight. The quantities of food in terms of calories 
which are necessary to support normal metaboUc processes may be studied 
from the i^t of view of requirements for basal mdabolism, requiiemeiits to 
gtnetal maintenance, and requirements for work. The reoomtnendatkuis of the 
League of Nations on energy requirements are as follows : 

For an adult man or woman living in a temperate climate, an allowattee of 
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2,400 calories, is considered adequate, but the following supplements for muscular 
activity are to be added : for light work 75 calories per hour of work, and for 
very hard work 300 per hour of work. 

The average size of most tropical races depends largely on the status in life 
but, taking populations as a whole, the mean stature is smaller- than for 
populations living in temperate climates. Tlie mean weights of men and women 
of most tropical races is about 115 lb. for the former and 100 lb. for the latter. 
It therefore follows that the maintenance allowance of 2,400 calories is too 
high, and 2,100 is sufficient, whilst the energy value of the food of the average 
labourer in the tropics may be placed at 2,600»2,700 calories per diem. 

The balancing of diets for poorer classes of natives, so that the proteins shall 
l)c adequate in quality and quantity, obviously presents many difficulties. 
It is generally accepted that the daily protein allowance should be 100 grm., 
with the proviso that it shall include 37 grm. of protein of animal origin ; but 
the figures accepted for temperate regions are too high for the tropics, and those 
for India are considerably lower. There the requirements for men are 66 
grm. ; for women 56 ; for growing boys 80, and adolescent girls 70 grm. per diem. 

The weight of fat in the diet should be about the same as that of proteins, 
and should not fall lielow 60 grm, daily. Butter and ghee are preferable to 
vegetable oils. I’he main function of the carbohydrates is to supply calories 
in all cases where additional energy is required for work. This should be supplied 
by foodstuffs rich in carbohydra^, such as ricje, bread and other cereal foods. 

The calories of a diet consisting mainly of rice, dhal, coconut and green 
vegetables, such as is commonly in use throughout India and Southern Asia, 
an* sufficient for the average man ; and the proteins, although not of a high 
biological value, are just enough for an adult. But such a dietary is usually 
deficient in calcium, while the supply of adequate prot€»in of high biological 
value is not sufficient for growth and maU»rnity ; the addition of fish increases 
the supply of calcium as well as of protein. 

' The effect of dietary upon the physique and health of tropical natives has 
been specially studied by Orr and Gilks (1931). A survey of two tribes in East 
Africa, the Masai and the Kikuyu, w'as undertaken. The former subsist mainly 
on milk, meat and raw' blood, and on an average are 6 in. taller, 23 lb. heavier 
and 60 per cent, stronger than the latter, who live mainly on cereals, roots and 
fruit. Marked differences were found in the incidence of disease in the two 
tri!)cs. Bony deformities, dental caries, anaemia, pulmonary conditions and 
tropical ulcer are very much more prevalent in the Kikuyu, whilst intestinal 
stasis and rheumatoid arthritis are more common amongst the Masai. 

Tables of the nutritional value of the main foodstuffs of Central African 
natives have been prepared by the Imperial Bureau of Animal Nutrition. It 
generally agreed that the native must have better food if he has to have 
Jx ttcr health. Admittedly it is difficult to assess the effects of different diets 
upon [wutioular native peoples, since the metabolism of African natwes is little 
uiulcrstood. There is no doubt that improved nutrition calculated upon a 
‘‘f ic'ntific basis should confer enormous benefits upon the British Colonial Empire, 
and indeed upon aU natives of the tropics, not only in eradicating deficiency 
diH<‘ase8, but also in reducing the very high infantile mortality which is found 
id most everywhere. This question formed the subject of a searching enquiry 
a Government Committee on Nutrition in the Colonial Empire (February 

< >ne of the most striking outcomes of this enquiry has been to show the almost 
nplete absence from tropical diets of milk, or indeed of animal products, 
' all native communities, with the poeriblo exception of the West Indies, 
striking fact is the extent to which native peoples depend on a single 
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crop for their main supply of food. Indeed, it may be said that a low standard 
of living is almost universtd. With such a diverse range of climates, environment, 
peoples, customs, prejudices and belief, it becomes almost impossible to 
generalize, so that the kind of diet which will give the best results must always 
be worked out on the spot for each territory. Ignorance, tradition and prejudioe 
still remain the most important factors in this problem. 

In working out the energy requirements of the body in native com- 
munities, recent work has shown that the formula should be computed upon 
the surface area of the body. The formula commonly employed is that of 
Du Bois, which is as follows : 

Surface area in sq. centimetres == wt. in kilos. X 0-46 -f height x 0-726 -f 
71-84 (a constant). 

The biological value of food may vary very considerably, and it is common 
knowledge that the soil in which a foodstuff is grown, the method of manuring, 
the time and method of harvesting, the methods of storing, marketing, processing 
and cooking, all have a very marked effect upon the value of the food when 
consumed, so that proper allowance has to l>e made for all these factors. More- 
over, many factors react upon the state of nutrition by affecting the metabolic 
processes in the body, such as the hygienic surroundings, high humidity, traumatic 
states and {mthological processes which interfere w ith powers of absorption. 
There is also the possible action of toxic substances in the food. In the examina- 
tion of native dietaries, it should be remembered that untoward results may 
be due to cyanides, fluorides, and even to parasitic growths and contamination 
fh>m storage. 

Native diets, with a few exceptions, are predominantly vegetarian, and relatively 
small quantities of animal products are consumed. Maize, rice, millets, guinea- 
corn, groundnuts, beans, peas, cassava, yams, coco-yams, tannias, sweet potatoes, 
plantains, bananas, gourds, coconuts and other palm products and numerous 
leafy vegetables are the main raw material. The outstanding feature of the 
diet, judged by European standards, is that an unusually liigh projortion of 
the energy value is derived from carbohydrates. This is at the expense of fat, 
which is usuaDy very low, except in areas where coconuts (as in Malaya and the 
Pacific) or other palm products (in South Nigeria and West Africal are largely 
consumed. Since it is necessary to consume two and a quarter times as much 
carbohydrate, by weight, to obtain the same amount of energy as from one 
unit of fat, it follows that the diets are also bulky, relative to their nutritive 
value. 

This does not by any means imply that most native races eat too much food ; 
much more often they eat a great deal less than they ought to do. Although, 
under the present circumstances, there is no actual famine, yet there is frequently 
a short^e owing to bad harvests, plague, locusts and economic stringencies. 
If the diets are unduly bulky, the bulk is made up of foodstuffs unsuitable for 
nutrition. 

The diet of pastoral tribes in Kenya and Tanganyika consisto chiefly of meat, 
blood and milk, and in North Nigeria also animal products are eaaUy obtalnabH 
wh^ for the nomad SomaK earners milk is the staple article, but these are 
exceptional cases. Wherever meat is available it is poor in quality, 
deficient in fat, and far too expensive for poorer classes. Pkh Is most used 
by those to whom it is easily available on the seaboards, river or lakeside, and 
IS commonly eaten ftesb or dri^ but, except in the Pacific Islands, it does not 
cemstitute the main article of diet. There is a general deficiency of fate which, 
when procurable, are drawn from vegetable sources. This is didetekma, •» 
fats are vehides for vitamins A and D. Added to this, there is a deflcieficv in 
the consumption of leafy vegetables and firuits, and therefore of vitamin C. 
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Beriberi (p. 414), a deficiency of vitamin B|, occurs most frequently in countries 
where rice is the staple food, as in China and Malaya. In the Straits Settlements 
it still causes, on an average, 900 deaths a year. 

Probably there are a great many borderline cases where comparative mal- 
nutrition leads to a general lowering of health without eliciting the recognized 
gymptoms of the classical disease. 

Special crops which should be encouraged from tbe point of view of nutrition 
are now receiving attention, and amongst these the soya bean (Olycinc hispida) 
and the groun dnut {Arackis hypogcea) are worth mention, for they both contain 
protein of goo d biological value and a high proportion of fat. The groundnut 
contains be^tween 20 and 30 per cent, of good protein and as much as 40 to 50 
per cent, of fat and is rich in Bj. The soya bean is particularly rich in calcium, 
and in its mineral, fat and protein content compares favourably with most 
vegetables! Unfortunately, it is not an easy crop to establish. There are other 
legumes which are of special value as foodstuffs — the pigeon pea {Cajanus cajan)^ 
cow pea ( Viffna nnguiculcUa), black and green grams (Phamolus mnngo and P. 
aureus)^ tepary bean (P. acviifolins), Lima bean (P. lunatim), dolichos bean 
{Dolic^ lablab)y and haricot bean (P. vtdgaris). 

A number of other vegetables are of nutritive value, including yams and 
j)otatoes. The red and yellow sweet potatoes are good sources of the precursors 
of vitamins A and C. For oils and fats, of which there is generally a deficiency, 
several palms are found in West Africa, especially for the red palm oil obtained 
from the fieshy pericarp of the fruit of Elms gutneam, which, as far as vitamin A 
is concerned, is equal to good cod-liver oil. The kernels also contain a special 
oil known as '' palm kernel oil,’* which is also used in food and for many other 
purposes. The cultivation of these oil palms is a special industry in West Africa 
and they have now been introduced to Sumatra and the West Indies. The 
importation of this palm is to be encouraged wherever the soil and climate are 
^suitable. “ Shea butter ” is obtained from the nuts of the wild shea tree (Pw/y- 
wHpermum parldi) and is also a considerable source of fat. 

In surveys of native populations the presence of Bitot’s spots (see p. 398), 
xerosis of the cornea and conjunctiva, with phry noderma (follicular hyperkeratosis), 
lichen pilare, and often glossitis and angular stomatitis, afford a simple method 
of assessing the nutritional state, especially in large groups of children. 

The principal diets of native races may be summarized as follows: — 

Africa (East Africa, Somaliland, Uganda, Tanganyika, Kenya, Nyaaaland) : — 
'riie natural food of the nomad Somali is milk and meat with additions of ghee, 
and dates. This diet lacks variety., and the imbalance is due to fat excess, 
r<>Kulting from milk and ghee. There is a striking absence of deficiency diseases, 
in Kenya different tribM have entirely different dietetic habits. The diet of 
the Masai consists chiefly of meat, blo^ and milk, whilst that of iihe Kikuyu 
(i^nd indeed most others) is composed of maize, tubers and legumes. In Tan- 
ganyika the diet consists of millet, maize, rice, groundnuts, beans, cassava 
iManihol ulUissima), sweet potatoes (Ipomosa hokilas), bananas, and occasionally 
tinh and meat, mutton, goat’s flesh, milk and blood. Tabus and tradition are 
iMqx)rtant factors in dietary shortages, and a tabu on eggs and milk may operate 
' ' during a time of shmiage. Owing to trypanosomiasis, the people in two- 
* birds of the territory are prevented from keeping domestic animal^ In Uganda 
diet is chi^y vegetarian. Plantains form the staple article in parts of 
eastern, noiihmi and western |Mrovinces ; in the rest of the country grain 

the staple, the small millet (eleusine) being the commonest. Again, beaus 
peas may be tbe staple. Sweet potatoes, great millet (sorghum), cassava. 
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sesame, pumpkins, gourds and native spinach are secondary foods. Locusts, 
grasshoppers and wldte ants are universally eaten as delicacies. 

In Nyasaland maize is the staple foodstuff, except in areas where the soil 
is unsuitable and cassava is relied upon. The staple food, whether maize, 
cassava or millet, is eaten as a porridge. The amount of milk consumed varies 
firom tribe to tril^, but it is not taken by adults. Eggs are neglected because 
of tribal tabus. The Intake of first-class protein is entirely inadequate. Through- 
out West Africa the nutritional level is considerably higher than in the Central 
portion or on the East Coast, and there is a great variety of proteins and fats. 

In the Northern portion, on the Gambia, where seasonal crops are grown, 
the staple article of diet is imported rice, but in the winter months, millet and 
guinea com take its place. Secondary foods are yams, coco-yams, cassava, 
pigeon pea, ragi, okro, pumpkin, tomatoes, citrus and other fruits. On the 
Gold Coast and Sierra Leone the staple articles of diet in the northern territories 
are millet, guinea com, yams, Pra-Pm potatoes, supplemented by maize, ground- 
nuts, tomatoes, onions and shea butter. The shea tree grows especiaUy in 
Northern Nigeria and the Gold Coast, and has recently been introduced into 
Uganda and other parts of East Africa. In the southern portions there are 
in addition plantains, meat and fish. In Nigeria, beans, milk, eggs, meat and 
green vegetables are procurable, and abo a certain amount of honey, and there 
b abimdant shea butter. 

In Malaya^ the. East Indies and Southern China the food supply is wide and 
varied, and b ample in most towns for those who can afford it. Rice b the 
most important food, and b supplemented with root vegetables, leaves and 
pubes. Fat supplies in Mabya are obtained froqi the red unbleached palm 
oil produced locally, which b a source of vitamin A. On the whole there b 
deficiency of vitamin B products and protein. 

In most parts of China soya bean products supplant milk protein, and the 
low protein values of blood plasma in the majority of the population may be 
due to thb fact. Therefore rebtively slight loss of albumin, as in chronic 
albuminuria or pleural effusion, suffices to upset the balance and leads to hypo- 
protinsemb, nutritional oedema and perhaps liability to tuberculous infection. 
The Chinese do not use dairy products and, in pbe^ of butter, eat considerable 
quantities of peanut and sesame oil in the North, and soya bean oil in the South, 

The chemical constitution of the phospholipids of the Chinese differs 
from that of Europeans. The fatty acids of the blood plasma of normal 
Chinese are highly unsaturated, indicating the presence of fatty acids of the 
linobic series. 

India and Ceylon present a specbl problem on account of the diversity of 
the popubtion. The Hindoos, for instance, are precluded by their religion 
from eating meat. The staple articles are rice (most of which b polished), coconut, 
leafy vegetables, yams, tu^rs, beans, lentib, peas, dhals and gourds, w*hioh are 
cooked into, curries of various types. Curry stuffs consbt of chillies, coriander, 
saffron, garhc, nutmegs and fish ; the btter is the principal animal foo^uff eaten 
by the power classes. Milk is seldom used. The diet in the towns b superior to 
that in the rural areas. Tea is the principal beverage in Ceylon and in South 
India ; toddy made from fermented sap of coconut b also widely used, and tlie 
toddy yeast b rich in vitamin B. The most serious defidenobs in the dbt of 
the masses are animal protein, calcium, and vitamins A and B, To inifHtiTe 
the calcium content, greater use of small fish (the bones of which contain the 
neoessaiy calcium) and leafy vegetables b advocated. 

Nioholb in Ceylon has shown the food value of the egg-pbnt {Soianum mdlogtnay 
and has analyi^ the substances in the edibb portion, m reported from five 
countries. The highest protein conte it b from Mabya (2*2 per cent.), whilst 
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the lowest is from J>va (1 per cent.), and the calcium and iron contents also 
vary proportionately. Orr hsLS stated that in no part of the world is the problem 
of nutrition more serious than in India, where there are only two rice bowls for 
three mouths. The fundamental difficulty is shortage of food, and the problem 
is one of agricultiiral re-orientation and development to provide more food, 
especially milk and other protective foods for human consumption. 

West Indies and South America, — The average diet of the working classes 
in Barbados, Jamaica and other West Indian islands consists chiefly of rice, 
flour and other cereals, sweet potatoes, yams, onions, salt pork or beef, salt 
flsh, sugar and tea. Milk consumption is low, and in the majority of cases 
(^ondens^ milk is used. There is a shortage of milk, eggs and frah vegetables. 
The weekly wage of parents does not usually suffice to feed the whole family, 
so that the children, after the middle of the week, receive no regular meals. 
In Jamaica, cows' milk is rarely taken, even when available. Fat, of which 
the chief source is coconut oil, is deficient in most diets. Vegetables, such as 
pumpkins, onions and tomatoes are not extensively used. Special stress is 
laid on the shortage of protein in the island products. A high percentage of 
the population suffers from varying degrees of subnormal nutrition. 

In British Ouiana, Venezuela, Brazil and the tropical parts of South America, 
rice is grown over wide areas and is the staple article of food for more than a 
(juarter of the population ; maize is grown to some extent. Sweet potatoes, 
tannias, yams, cassava, bananas, plantains and bread fruit are commonly used. 
Although there is usually a protein deficiency, there cannot be said to be a 
shortage of fresh meat, and there are many varieties of local fish, whilst eggs 
and nffik are fairly plentiful. The main difficulty about milk is its unsatis- 
factory quality, due to adulteration and contamination. Fats are generally 
deficient and are obtained mostly from coconuts and avocado pears. 

Rick (see p. 416) 

Rice forms the staple food of nearly one-half the world’s population. It 
in at present being produced in amounts sufficient to supply one-fifbh of the 
caloric requirements per capitem per annum. It is estimate that there are 
about 200 million acres of land under rice cultivation ; two-thirds of the area 
in shared equally between China and British India, and about 60 per cent, of 
the world production is grown in the British Empire. The food intake of the 
fx'opk^s who subsist on it is as much as 80- 90 jier cent. rice. 

The proteins of rice are of a good quality, their biological value for man 
af)proximatee very closely to that of beef, and the amino-acids compare in 
amount very favourably with those of other proteins, but the mineral constituents 
aa* low and the needs for calcium and phosphorus are not met by either unmilled 
or {lolished rice {see p. 417). 

During storage, serious changes may occur, detrimental to the food value, 
and in native hands they frequently do. It is possible to feed on rice w'hich 
h>iH been well milled, as a staple food, without developing signs of beriberi, 
provided that it is stored so that its vitamin Bj is not lost. 

Hioe can be stored without its husk with as good or better results than with 
tlic husk on. Rice should not be over-wrash^ before cooking. The widely 
process of parboiling ** consists of soaking refugh rice in either cold or 
*“>1 water in cement or metal tanks. After draining off the water, the grains 
submitted to steam until the hulls are opened slightly. This soaking may 
four days. In the process of parbdling a proportion of the water-^uble 

>^imin B| diffuses throughout t^ grain, and is therefore conserved what- 
' r the subsequent milling or polishing processes ; nevertheless it is estimated 
^ on a diet of parboiled rice no less than 160 international units of vitamin 
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Bj must be supplied daily in other components of the diet (as, for instance, 
by 6 oz* of dried beans or 3 oz. of groundnuts). 

Rice must be cooked in such a way as to retain vitamin B^. 

In the best conditions there is no crop of comparable nutritional value 
which can approach rice in the amount of food produced in a given area, and 
in its suitability for man. 

Native Customs akd Beliefs 

In dealing with primitive peoples, whose habits and customs are regulated 
by long-standing l^liefs and traditions, a considerable amount of attention 
should be direct to this subject, as it undoubtedly plays a dominant part 
in the public health of the community. This, however, is a stupendous task, 
requiring a sympathetic understanding which can only be acquired after long 
residence in the particular area. It is a subject to which in the past medical 
men have perhaps paid too little attention. Nowhere, however, do these beliefs 
and customs play so great a part as in Afidca, and the student cannot do better 
than consult Lord Hailey's classical African Survey (1938). 

COMMON DI8ilA.SES IN THE TROPICS AND THEIR 
MODIFICATION BY TROPICAL CONDITIONS 

The institution of special schools and courses in tropical medicine and 
the remarkable discoveries .which have been made in this branch of science 
have tended to foster the idea that tropical diseases necessarily predominate 
in tropical countries. The fact is that most of the ills which afflict mankind 
occur nearly everywhere, but their incidence and frequency appear to be 
influenced by local circumstances. Moreover, the clinical picture of a 
familiar disease may be modified or masked by some superadded parasitic 
infection. Indeed, a complex pathology in the tropics is the rule rather 
than the exception. This subject, which has been named “ geographical 
pathology,** has received serious attention during recent years and has 
provided data of considerable importance. WTiile it is manifestly im- 
possible in a book devoted to tropical diseases to go into details, a general 
survey of universal diseases is useful. 

Diseases or the Digestive System 

Little is known alwut variations in gastric secretion in the tropics, save 
that in ancylostomiasis and other worm infestations the secretion of 
hydrochloric acid by the oxyntic cells is reduced ; but it is a striking fact 
that gastric ^d duodenal ulcers are seldom encountered in native races 
living on a simple carbohydrate diet. This applies especially to Indians, 
Javanese and Negroes. As the result of 2,170 autopsies, Kouwenaar in 
Java concluded that ulcers of the stomach and duodenum are found only 
in 1 per cent, of Javanese as against 10 per cent, of Chinese, but they 
are said to be very common in Abyssinians, and this fact is ascribed to 
dietetic causes (Dergsma). Wanless finds them common in rural districts 
of western India, due to septic mouths and excessive stimulation by hot 
cumes. Diverticulosis and diverticulitis appear to be very rare or almost 
unknown. 

Appendicitis 

Inflammation of the appendix is rare, and fulminating cases requiring 
immediate operation seldom occur in native races, in marked contrast to 
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the frequency of this condition in European residents. In Indians, both 
Moslems and Hindoos, acute appendicitis is extremely rare and the 
Editor has seen only two cases in over thirty years. 

Carcinoma of the Stomach and Intestinal Tract 

The rarity of mahgnant growths in the alimentary tract in native races 
1ms been the subject of much speculation. De Langen has laid special 
stress on the fact that gastric carcinoma is noticeably absent among the 
Javanese. The same is true in India and, as far as can be ascertained, 
in Central Africa. The comparatively short life-span of natives, in contrast 
to that of Europeans, may account for this difference. 

Cirrhosis op the Liver 

All writers on tropical pathology have laid stress on the frequency of 
liver cirrhosis with ascites among native races, where the influence of 
alcohol can be discounted. Some of these may be due to syphilitic disease 
of the liver. Excluding cases caused by parasitic infection there remains 
a residue, of unknown aetiology, resembling the cirrhosis of Laennec. 
Oiidendal and other Dutch observers believe that the condition arises 
from chronic intoxication in a liver deprived of glycogen by under- 
nourishment and starvation. 

Wilkinson in South China advances reasons why chronic vitamin 
deficiency may be an tetiological factor. Snapper regards this as one of 
the commonest diseases of China and attributes it to intestinal intoxication 
in conjunction with deficiency of vitamins of the B complex. It is 
especially common in association with chronic bacillary dysentery and 
, malnutrition. Megaw in India came to much the same conclusions (see 
p. 474). Hyperprotinsemia is invariable, and there is inversion of the 
albumin-globulin radio. The serum therefore gives a positive globulin 
test (see p. 168) and differential diagnosis has to be made from tuberculous 
peritonitis, adherent pericardium and kala-azar. A venous hum is audible 
between the xiphoid process and umbilicus. 

Banti’s 83mdrome with splenomegaly, anaemia, leuoopenia and throm- 
bocytopenia, with varying degrees of liver cirrhosis, is also met, especially 
in China (see ateo Infantile Cirrhosis, p. 561). 

Diseases op the Gall-Bladder 

The rarity of cholecystitis in native races is striking. As the Editor 
lias pointed out, there appears to be no direct connection between 
dysenteric infection and inflammation of the gall-bladder, nor is there any 
predisposition to cholelithiasis. De Langen and Lichtenstein report that 
among 160,000 out-patients in Batavia they were only able to make a 
diagnosis of gall-gtones once, and among 422,948 other patients thirty 
^iinos. Intrahepatic cholesterin stones^ however, appear to be not in- 
frequent. 
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Diseases of the Blood 


THE TBOPICAL ANEMIAS 

Macrocytic Ansemia of Pregnancy.— ^Sfynonym.— Tropical macro- 
cytic anaBmia. 

Macrocytic anaemia has for some time past been recognized in India, 
Malaya, West Africa (Gold Coast, Russell) and other parts of the tropics, 
in pregnant women. In India it has been differentiated by Wills and 
others from the pernicious anaemia of pregnancy in temperate climates. 
The macrocytic anaemia of pregnancy comes on gradually during the 
second month, but the final breakdown may be sudden. As in pernicious 
anaemia, many of the clinical features are referable to decrease in the 
number of red blood-corpuscles. The tongue may be sore, but nerve 
changes are absent, and the oxyntic cells of the stomach secrete hydro- 
chloric acid. Oedema of the feet and ankles is associated with low blood- 
pressure and pyrexia. Retinal haemorrhages are common. This anaemia 
is essentially due to dietetic deficiencies, aggravatt*d by superadded 
infections of malaria and ancylostomiasis ; there appears, therefore, to be 
no essential difference between the macrocytic anaemia of pregnancy, as 
described by Wills and Mehta in India, and the nutritional macrocytic 
anaemia which has bi^en made the subject of special studies in Macedonia 
by Fairley, Bromfield and Kondi. In macnKytic anaemia of pregnancy, 
many patients survive to term, but collapse during parturition. Pn^mature 
labour is usual, imless the disease is treated in time, or, as on the Gold 
Coast, the child dies in the first few weeks of life. Anaemia associated 
with albuminuria suggests tox©mia of pregnancy. If this condition is 
recognized in time and treated by blood transfusions and liver therapy, 
patients may proceed to term, but the children, though not themselves 
anaemic, anre usually feeble. The response of this type of aniemia to liver 
therapy suggests that it is due to the lack of haemopoietic principle. It is 
apt to recur in subsequent pregnancies. 

Nutritional macrocytic anaemia.— Tliis form is probably universal 
wherever the population is living on an unbalanced and deficient protein 
dietary. Nutritional anaemia is associated frequently with malaria, 
syphilis, and in India also with ancylostomiasis. Fairley, Bromfield and 
Kondi now recognize a macrocytic hmrrwlytic type, which is prevalent in 
Macedonia, and is accompanied by splenomegaly from chronic malaria 
infection. In this type there is primary nutritional deficiency with a 
haemolytic agent — the malaria parasite — superadded. Males as well as 
females are affected. In addition to the anaemia there is a tendency to 
leucopenia with a shift to thejeft and a decrease in the platelet-count. 

Trowell (1943) contends that it is better to think of the patient as 
having nutritional anaemia complicated by an infection of malaria or 
hookworm. 

The anaemia is distinctly macrocytic. The average corpuscular diameter 
is about 8*6 /x. The red cells are, as in pernicious anaemia, more reduced 
than the haemoglobin. There is much anisocytosis, but less poikffoeytosis 
than in pernicious anemia. Sternal puncture and the hssmocrit tube are 
necessary for diagnosis. Trowell bases his classification on eiuuiiinatioXi 
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of the bone marrow as well as the blood examination and mean corpuscular 
liaemoglobin concentration. There is a mixed megaloblastic and normo- 
blastic reaction in the marrow. Most cases show mixed deficiency of 
extrinsic factor and iron. Where megaloblasts are found in the marrow, 
liver extracts are needed for treatment. 

Treatment . — This anaemia responds quickly to liver or liver extracts. 
Crude extracts are most effective ; larger doses are required than in 
pernicious anaemia. It is said that anahaemin is not effective. 

Differential diagnosis . — In pernicious anaemia there is achlorhydria and 
a positive van den Bergh reaction, whilst in tropical nutritional anaemia 



FIf • 2. — Sickle cellt. Fresh blood preparation after forty-dght 
hours. (Bulletin of the Johns Hopkins Hospital.) 


opposite obtains. Glossitis is said to be much commoner than in 
l>*‘rniciou8 anaemia. Tropical nutritional amaemia has also to be distin- 
^uirthed from the macrocytic anaemia of sprue. 

Sickle-cell ansemia. — Sickle-cell disease is a severe haemolytic 
joiieniia in which the rtnl cells assume a peculiar sickle shape after with- 
‘Irswal from the body (Pig. 2). It occurs almost exclusively among 
)es, though sometimes found in mulattos. Rosenfeld and Pincus have 
J it in Italians, Ccmley and Lee in Greeks, Sights and Simon in white 
ricans, and Wallace and Killingsworth in Mexicans, It has also 
found in wild deer in America. It is characterized by remissions 
exacerbations of the anasmia, associated with joint pains and a 
mey to ulceration of the legs. First dt*8cribod by Herrick in 1910, it 
ed the basis of a fine study by Huck (1928). Nearly all the oases 
been des<uribtd in the United States. On the whole, it is a rare 
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disease, and the sickle cell trait is present in 5-7 per cent, of all American 
negroes, quite irrespective of health. 

This disease probably originated in Africa, whence it was imported into 
the United States ; and recently the sickle-cell trait has been found by 
Evans in 20 per cent, of bloods in the Gambia. Archibald found a case in 
an Arab from the Sudan (1926), and there are other scattered records from 
Nigeria and the Gold Coast (Kussell and Taylor, 1982). It is a hereditary 
and familial disease with a Mendelian dominance, and is transmitted 
equally by male or female. Cooley and Lee have drawn attention to the 
probable tribal origin and Murray-Lyon to its importance in West African 
troops. The sickle cell trait is not invariably associated with ansemia. 

Sickle-cell anaemia has to be distinguished from ovalocytosis, which is a 
hereditary familial condition, in which the elliptical shape of the red cells 
(like that in camel’s blood) is transmitted in a Mendelian manner. The 
young red cells in the bone-marrow have the nonnal round shape, and 
assume an oval form when they become mature. 

Sickle-cell disease begins in childhood, and males are affected three 
times as frequently as females. Symptoms may appear even at seventy- 
eight years of age. The red cells are larger than normal, and show either a 
normal or decreased fragility. The sickling develops usually only after 
the blood has been withdrawn. Ordinary stained blood films reveal the 
sickle shape only in very severe cases. Scriver and Waugh (1930) showed 
that local moist stasis, produced by a rubber band round the finger, very 
materially increases the proportion of sickle cells. This is considered to 
be the most reliable and practical method (Diggs and Peltit, 1940). The 
wet-blood films should be ringed with vaseline and allowed to stand over- 
night. Cooley and Lee have shown (1926) that in preparations kept in 
the incubator the sickle cells disappear, leaving the normal round cells 
intact. 

The latent phase of the disease is much commoner than the active one ; 
in that only a few sickles can be found in perfectly fresh blood, but large 
endothelial ^lls may be seen engulfing red corpuscles. Nucleated red 
cells are always present (Cook and Meyer, 1915). In severe cases the red 
cells are reduced to 2-8 million, and the leucocytes increased to 15,000 
per c.mm. Basophilic stippling of the red cells is common and the blood 
platelets are not diminished (Mason, 1922). 

Patliology. — The bone-marrow is hyperplastic and contains sickle 
cells. The spleen may be enlarged or may be atrophic and fibrotic. 
Rich has described characteristic lesions in the spleen : there is a congenital 
malformation of the sinuses, which permits free escape of blood into the 
pulp, and this is especially marked round the Malpighian bodies. Osteo- 
porosis of the bones is common. The sickle character can only be 
recognised in formalin-fixed sections. .Graham (1924) has made a minute 
pathological study of this disease and finds chronic hepatitis and 
cholelithiasis common. 

Symptoms. — Sickle-cell ana&mia may remain latent Uirougbout life. 
On the other hand, there may be an active phase causing severe cbrpnic 
aniemia of the haemolytic type, associated with weakness, dvspncea aiMl 
a tendency to ulceration of ti^ 1^;$ resembling indurated sypnilitic olo^i 
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:Huck), a yellowish discoloration of the scleree, and jaundice, especially 
when blood destruction is very great. The liver and spleen are usually 
( iilarged. There may be thrombi in the small vessels of the lungs, giving 
rise to symptoms of cardiac disease. There is usually a positive indirect 
\an den Bergh reaction. 

When the disease is active there may be intermittent paroxysms of 
fever, associated with severe joint pains which may last two or three 
oeks. Patients with this aneernia usually do not live beyond middle age, 
and death takes place from intercurrent infections. Cerebral necrosis, and 
tlirombosis with paresis, have been recorded. The latent disease may be 
stimulated into activity by any infection. 

Blood changes. — Sometimes the blood is macrocytic, and there is a 
neutrophil leucoeytosis of 10,000-30,000. Polychromasia is marked ; 
there is a reticulocytosis of 25 per cent, and normoblasts are common. 

If citrated blood is kept under oil for twenty-four hours, and formalin 
then added, the test for sickle cells becomes more delicate. 

Treatment. — The treatment is purely symptomatic. The anssmia 
may be improved by iron and Hver therapy. Blood- transfusion is of 
distinct value in relieving paroxysms of blood destruction. Splenectomy 
has been employed with some benefit in selected cases, but the sickling is 
unaltered by this operation, which renders the patient more susceptible to 
subsequent sub tertian malaria. 

Bagdad spring anaemia. — A new form of acute ansBinia is reported 
in Baghdad, appearing only for a few weeks in spring. This anaemia, 
according to Lederer, runs a very rapid course, and a severe degree is 
f)n)duced within 24 to 86 hours. The mortality is about 10 per cent, 
h is curable by blood transfusion, liver therapy in massive doses and 
injection of adrenalin. The disease is confined to boys, for the main 
part Jews, especially those of a certain constitutional type. It is suggested 
that the hasmolysis is due to anaphylaxis by contact with flowers (Verbena 
lufhrida) and young fruits. The administration of blood has a double elBfect, 
counteracting shock as well as stimulating the bone marrow. In mild 
cases whole blood injections (10-^ c.c. intramuscularly) suffice ; but in 
severe degrees intravenous transfusions are necessary. 

Chlorosis. — This has almost disappeared from Europe, but is probably 
re lated to the hypochromic, microcytic dietetic anosmias (chlorosis tarda) of 
tlic tropics, which are such a frequent accompaniment of subnutrition 
Hiid are due to lack of iron intake and absorption. This condition is seen 
< ‘specially in young native girls in the first year after the katainehia. The 
iniu ujia gives the face a peculiar dull green colour which is masked by the 
^»i;^'tilentation of the skin. Some of th^e cases have spoon-shaped nails 
(kuil(mychia) with stomatitis and dysphagia — ^the so-called Plummer- 
'' mson syndrome (see p. 488). 

l ymphatic leukcemia and spleno-meduUary leucocyOwmia appear to be 
as frequently as in Europe. 

The position of pernicious (Addisonian) anemia is by no means so well 
ued. It appears to be a disease of northern peoples and is either 
or unknown in the tropics and subtropics. Wilkimon states that it 
' not occur in South China. De Langen and Lichtenstein assert that 
4 
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they have never seen it in the course of their extensive studies in Java ; 
it is said to be very rare in Ceylon and in South Japan. In Central Africa 
no cases are found in negroes. A diagnosis of pernicious an»mia should 
not be established without proof of achylia gastrica and megaloc 3 rtosis, 
the latter ascertained by sternal puncture. 

Throfubocytopenia vera is not uncommon in South China, and is 
undoubtedly to be found in many native races {see Onyalai, p. 678). 

Diseases of the Heart and Blood-vessels 

Valvular heart disease in the tropics is usually syphilitic. Williams 
(1938) in Uganda found that syphilis accounted for 58 out of 94 cases of 
heart disease and that syphilitic heart is five times as frequent as any 
other cardiac condition ; aortic syphilis (aortic regurgitation) was found 
in 86 out of 894 post-mortem examinations. The average age of onset of 
symptoms in natives is forty-one years, i.e., considerably earlier than in 
Europeans. Macfie and Ingram (1920) found cardiac aneurysm very 
frequent on the Gold Coast. Aneurj^sms, often multiple, are extremely 
common in the Chine.se, and rupture is one of the most frequent causes 
of sudden death. 

Rheumatic valvular disease is a subject upon which much more precise 
information is required. W. T. James had never si^en a case in twenty- 
four years’ practice in Panama, and J. T. Clarke, in a series of 150,000 
patients in Malaya, had the same experience. There is some evidence 
(see p. 88), that rheumatic infection does occasionally occur. Chesterman 
has seen typical rheumatic hearts at autopsy on the Congo. Sclen>si8 of 
the coronary vessels appears in normal frequency with advancing age, as 
in Europeans, but it is a curious fact that the clinical syndrome of angina 
pectoris is usually absent. Formerly it was l>elieved that arterio-sclerosis 
was peculiar to the educated Eun^pean classes, but recent researches 
indicate that, whenever the age is taken into consideration, there is 
practically no difference in vascular changes, which are at least as common 
in warmer countries as in the colder. Hyperpiesia apfiears to lie practically 
absent in poorer natives living on a carbohydrate dietary, though Wilkinson 
finds it common in South China, tending to increasi* with w'i^steriihsatiou 
of habits. It should be observed that the normal blood- pressure, systolic 
and diastolic, in natives in the tropics, owing to smaller intake of protein, 
is l(b-15 ram. of mercury lower than the normal in Eurofie. In those 
Buffering from subnutrition, it is low'er still. 

The juvenile form of throinbo-angiitis obliUfrans (Btirgher’s disease) 
appears to be common in native races and e8p<*cially amongst the Southeni 
Chinese. 

Diseabes op tue Kidney and Gk.vito-ubinary Tract 

Vesical and renal cal^i are amongst the most common conditions 
encountered in the tropics, the former lieing the more frequent, eepeoially 
^ong boys and young men. Little is known of their exact caimation. 
By some the explanation is thought to lie in the high concentration of 
the urme ; by others in an unbalanced dietary with lack of vitamin A. 
Urmaiy calculi are specially common in SouUi China. Where urinar}’ 
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hilharziasis is common (Africa), the eggs of Bilharzia hcematobia frequently 
form the nuclei of calculi. 

Acute nephritis (acute glomerulonephritis) is commonly encountered, 
and is attributed to septic intoxication. De Langen and Wilkinson remark 
upon its frequency, especially in conjunction with scabies and with super- 
added septic infections. The clinical picture of contracted kidney with 
accompanying cardiac hypertrophy and h 3 rperpie 8 ia is rarely seen in 
indigenous natives, but in those who have adopted European habits, and 
in Chinese and Euroj^eans in the tropics, it appears to be as common as 
I'lscwhere. The rarity of granular kidney is possibly correlated with the 
simpler diet and its low protein content. Chronic nephritis is especially 
common in South China. 

The clinical picture of nephrosis (F. von Muller) is frequently seen. This 
IS characterized by extensive and wdespread oedema, and a high, but 
usually variable, albuminuria. There is a low total protein in the blood, 
and an inverted albumin -globulin ratio with increased chole8terina?mia. 
The urt>a and residual nitrogen are unchanged, whilst the blood -pressure 
remains nonnal without effect upon the heart. Nephrosis has often a 
syphilitic basis, and may l)e seem together with quartan and subtertian 
malaria {see p. 68). When all the causes are considered, there still remains 
a considerable proportion of cases without ascertainable tetiological basis, 
tlioiigh many are found in association with ancylostomiasis. 

(ionorrJuea, with its ac^corapanirnents, is oner of the most common and 
widespread infections throughi>ut the tropics. No one can estimate the 
extent of its prevalence or the disability that it causes. Not only is it 
responsible for joint and eye affections, but also for much serious disease 
tlie female genitalia. Blacklock, in a thorough medical survey of 
Su rm LiHine in 1980, estimates that 50 per cent, of males over fourteen 
have active signs and symptoms of this infection. 

Diabktks and Glycosuiua 

It has long been believed that true dialn^tes (diaheks mellitus) is very 
common in all parts of the tropics. This opinion is based mainly upon 
tlu* high carlmhydraU^ consumption. The fact is that sugar (or substances 
which n^duc^ Fehling’s and Benedict’s reagents) is comparatively often 
found in the urine amongst the Euroj^eans and better-class natives in the 
troj)ics, hut seldom in natives of the poorer class. De Langen, for 
instance, states that the incidence of diabe^tes in the Javanese is about 
1 111 11,000, i.e., less than 0*01 per cent. 

In llritish India also, diabetes is found among the richer people. Its 
comparative rarity in poorer natives is possibly to be ascribed to their 
^h rter ex[>ectation of life. Diabetes usually develops in patients of 
* r yeara— those over fifty-— and this factor may play a considerable part 
statistical records. The relationship between olwity and diabetes is 
1'^' hably also important. Obesity is seldom seen in the average native, 
j ' ■ among the rich, who can indulge more freely at table, a relatively 
her incidence is observed. 

‘ large number of cases of benign glycosuria in the tropic^ is remark* 
and these include the condition known as “ renal diabetes.’* * In this 
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condition the blood-sugar content should not rise above normal. Patients 
with benign glycosuria feel pejrfectly well and show none of the usual 
symptoms of diabetes. The outlook in renal diabetes is favourable and 
the expectation of life is not affected. » 

General Diseases 

Gout. — It has always been held that there is a close connection between 
gout, obesity and overeating. It is also agreed that during the last half- 
century the incidence of this disease has almost everywhere decreased. 
It is always assumed that gout is very rare, or indeed non-existent, among 
tropical natives. Certainly it is seldom, if ever, observed in primitive 
peoples, and then only in those who have adopted European habits and 
customs. The Mahomedans suffer occasionally, while the Hindoos are 
said to escape entirely. In Manson’s time gout was very rare in China, 
and in his diary he recorded one instance of gouty concretions in a China- 
man as an ev^nt of great importance. De Langen states that it has 
occasionally been observed in Java and the Blast Indies, but records 
in British India and in Central Africa are quite exceptional. Gout is said 
to be unknown in Egypt and in all the countries along the northern shores 
of Africa. 

Arthritis. — Arthritis, including the infective and rheumatoid forms, 
occurs in native races, but to nothing like the same extent as in Europeans 
in temperate climates. Exact figures are very difficult to procure, as it 
is necessarily very difficult to exclude gonorrhoeal arthritis. The available 
information has been included by McKinley in a table which purports to 
give the relative figures of incidence in various tropical and subtropical 
countries, but i^ is doubtful if the figures can be considered really reliable. 
In Ceylon, for instance, the number reported annually is given as 4,029, 
and the figure of 2,828 for the whole of India can hardly be considered 
accurate. 

Acute articular rheumatism. — This apparently exists all over the 
world, but infrequently in native races, especially where the climate is 
hot and dry ; consequently, the incidence of rheumatic valvular disease 
of the heart is correspondingly rare. There are those who state that they 
have never seen rheumatic fever or endocarditis in a lifelong experience 
in India, Malaya and Central Africa. Thus, Mackinnon states that chorea 
is never seen in East African children. Fernando in Ceylon, however, from 
extensive clini^l and pathological observations, found that rheumatic 
infection is an important cause of carditis and aecoimts for one-quarter of 
the total number of cardiac cases. IVilkinson has testified to its presence 
in South Clma. On the other hand, Cliestennan on the Congo found it 
ve^ rarely in the native population, and it has been recognized in African 
cluldren on the Gold Coast and in Nigeria, where it occasionally leads to 
mitral stenosis. Although acute rheumatism has been noted with nonnel 
frequency in European residents it is difficult to obtain more aocurete 
information from the meagre data available. 

Diseases of the Bbspiratory System 
Tuben^osis. — It gradually been recognized that the exteait of 

tuberculosis in the tropics is much ^eater than was formerly tiiought 
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possible. The rapidity of spread and malignancy of course of pulmonary 
tuberculosis when first introduced into the Pacific Islands have been 
fully realized, and are well described by Robert Louis Stevenson among 
the Marquesans. Similar disasters have occurred in Samoa, Tonga and 
other Pacific Islands. In India, Rogers (1919) found no less than 9 per 
cent, of deaths due to tuberculosis, and Megaw estimates that, in the 
whole country, two million people are suffering from it. Scott has drawn 
attention to the pathological peculiarities of tuberculosis in Southern 
China. It has proved to be one of the main causes of death in Jamaica, 
the Gold Coast, the Philippines, on the Congo, and in Tanganyika, where 
it has been studied by Wilcocks. 

For the rapid spread of the disease, its virulent nature, and the poor 
resistance offered by primitive peoples, several factors are responsible. 
Usually the patients do not come for medical treatment until they are in 
an advanced stage. The sputum is loaded with bacilli and, living as they 
do in primitive huts or houses crowded together, infected natives are a 
constant source of danger to their fellows. Spitting is a universal habit, 
and undemutrition and co-existing malarial and parasitic infections 
render them all the more susceptible. 

The most important factor in the epidemiology of tropical tuberculosis 
is contact. Natives are able to resist a first infection but, once the disease 
has become established, their resistance is low. During the last ten years 
there has been an enormous increase in reported cases ; in some instances, 
rts in Nigeria and British Guiana, it has been five- and six-fold, especially 
in the mining areas. 

Unfortunately, tuberculosis is a disease which spreads with civilization, 
o.g., it was unknown many years ago in the Cameroons and in the southern 
Sudan. In Hong Kong, Scott, in an average of 4,000 autopsies a year, 
found marked tuberculosis in 5 per cent., and of these, three-fourths 
were children under ten. Tuberculosis among natives may be divided 
into two types, viz., “ natural tuberculosis, characteristic of those not 
immunized in any way against the disease, as in laboratory animals ; and 
' modiJUd tuberculosis, a more chronic condition, so called because it is 
modified by primary infection. 

It appears to be generally agreed that hsemoptysis is not a prominent 
sign of tuberculosis in native children, though extraordinarily frequent in 
iidults. Scott has asserted that, however extensive the disease, however 
large the cavity, he has never seen fatal haemorrhage in a child. Spontaneous 
pnemmothorax is found, but amyloid disease in chronic cases is very rare, 
bovine tuberculosis, though it occurs, does not appear to be common. 

1 ntestinal tuberculosis and tuberculous peritonitis are especially prevalent 
I) China, and bone tuberculosis in West Africa. Recent writers have all 
^tressed the importance of the nutritional basis as a factor of the first 
'na^nitude in the spread of tuberculosis in native populations. 

Bneiimonia. — Pneumonia, a principal cause of death almost everywhere 

Cie tropics, especially in those countries with a persisting ^h humid 
^sphere, has one of the highest mortality fibres. Epidemics are 
P iaUy found where native labourers are gathered together in compounds 
in mining camps. The cause of the disease is usually a pneumococcal 
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septicsBiriia, with little localization in the lungs. The clinical picture — 
rapid onset, extreme prostration and absence of the sthenic signs and 
s^ptoms which characterize the disease in Europeans, and of a termina- 
tion by crisis — differs very considerably from that seen in temperate 
zones. All these factors impart a varying clinical picture and confound 
the newly-arrived doctor in the tropics. The story of pneumonia and 
its ravages in the Rand Mines and in the copper belt of Northern Rhodesia 
is familiar to students of this subject. It is in the treatment of pneumonia 
in tropical natives that sulphonamides, especially sulphapyridine, appear 
to be having their greatest triumphs. 

Zymotic Diseases 

Scarlet fever (scarlatina). — All observers agree that scarlet fever 
either is never seen in the tropics, or is very rare. De Langen, in the 
Duttch East Indies, asserts that such cases as have been tentatively 
diagnosed eventually prove to be something else. Fischer and others 
who have looked for it amongst the negroes of Central Africa have never 
found it. Probably the disease exists on the Gold Coast and Nigeria in 
such a mild state as to be imrecognizable, and the rash may be almost 
invisible on a dark skin (Gillespie). 

Application of the Dick test to a selected number of tribes in Tan- 
ganyika showed a certain percentage of positive reactions, equal only to 
about one-third of the figure usually observed in Europeans ; the few* 
cases reported from Central Africa have all been among European n^idents. 
Botticher (1934) has compiled a review of this subject. In South America 
and the West Indies, on the other hand, the disease (K!curs in sporadic 
outbreaks. In India, too, it is kno^n, though rare ; it is of a mild type 
and specially apt to attack smaU children. According to Megaw and 
das Gupta, from 1923 to 1926 scarlet fever was reported from 212 districts, 
but nearly all cases were European residents. It is common in North 
China, though it does not occur in the south. Jensen (1940) states that 
in China and the Pacific Islands scarlet fever is newly imported, and that 
the nearer to the equator the less is the morbidity and mortality. Zdller 
(1925) found that the Dick test gave uniformly negative results. 

Measles. — Measles is widespread throughout all tropical countries 
and runs the same couree as elsewhere, and the malignant type is not 
uncommon. Where no inherent immunity towards the virus exists, as in 
the Pacific Islands (specially Fiji and Kotumab), a meaBk*s epidemic may 
cause a high mortality in adults as well as children ; thus in 1874 over 
25,000 Fijians died from this disease. The measles rash has to be dis- 
tmguished from that of t 3 q)hu 8 and dengue, but its appearance, though 
modified by a dark skin, is quite characteristic. 

Diphtheria. Diphtheria appears to be widespread and occurs in 
epidemic form, often when least expected. It is a disease of civilization 
and is evident only in towns and centres of population. It is recorded in 
the epidemiological statistics of most countries, with the excepriw of 
Ain^. Whereas it is common in the northern and southern subtropioal 
portions, it is apparently very rare in the tropical zone, and won «t 
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present day in East Africa, Uganda, Tanganyika and in West Africa only, 
sporadic cases are discovered. 

Mumps. — In the tropics this may be a generalized disease and assume a 
malignant form. In one-third of the cases orchitis is a complication. 
It is stated that the virus attacks the central nervous system, causing 
changes in the cerebrospinal fluid. Patients buffer from hallucinations 
and delirium — sometimes also they show Kernig’s sign, bradycardia and 
ocular symptoms. 

Diseases of the Central Nervous System 

Syphilitic diseases of the central nervous system, such as tabes and 
general paresis, are seldom obaerve^d in Central Africa and the Pacific 
Islands, and this observation has been made the subject of much comment. 
In South China they constitute the commonest form of nervous disease. 

Disseminated sclerosis is rare in iiiost native races, and is not encountered 
in the Chinese. 

Epidemic encephalitis letharyica (Economo’s disease) has been noted in 
(‘pidemics in Sarawak and in Cochin China (Bonnaire). 

Epidemics of anterior poliomyelitis (infantile paralysis) occur in most 
tropical countries, notably in Kenya and Uganda, so that contact infections 
are l)y no means infre([uent in Europeans. 

Cerebrospinal meninyitis occurs often in large epidemics, especially in 
tlh^ southern Sudan, when^ sulphapyridine has achieved remarkable results. 

(lOITRK 

Simple parenchymatous or colloid yoitre is extnunely common in Egypt, 
in the Nile Valley, Sierra Leone, in the Caji districts of the French Congo, 
and in the Ouelle and Katanga districts of the Belgian Congo. It has 
Imh*!) re[>orted in the Dutch East Indites, especially in the Island of Bali. 
In India it is most common in the Himalayan and Subhimalayan regions 
and in the parts drained by the great Indian rivers (McCarrison), as well 
as in the wt^stern provinct^ of China. Disorders of secretion resulting in 
♦ xuphthalmic goitre, myxcedenia or cretinism are almost unknown. 

It has bcH»n remarked that goitre is not found among the Bedouin or 
'>th(*r desert triln^. In endemic goitrous districts iodine should be given to 
all girls between the ag(^ of eleven and sixteen and to all pregnant women. 

Malignant Growths 

Th(*r«? is no truth in the oft-qiiokHl popular statement that nialignant 
;-rnwth8 MO unknown, or are very infriKjuent, among primitive peoples. 
Hie truth pnibably is that, age for age, they are as frequent as in civilized 
< "imnunities. The absence of accurate vital statistics, age records, or 
' ^< n registers of births and deaths, make such a comparison difficult. 

^ l“‘re are, however, certain special features of maUgnant disease amongst 

The outstanding facts about malignant growths in the tropics may be 
M ited categorically as follows : 

1) The prevalence of primary liver carcinoma (12 per cent, of all 
carcinomata according to Vint), in 90 per cent, of cases 
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grafted upon cirrhosis (Snijders). (Cazanove in French West 
Africa, Snijders and Straub in Sumatra, Strachan in South Africa, 
Smith and Elmes in East Africa, French observers in Dakar, 
Senegal.) In China (Snapper) primary carcinoma nemrly always 
arises in a cirrhotic liver. Malignant changes in the bile ducts are 
far less frequent, but may be associated with Chnorchis sinensis 
infections {see p. 757). 

(2) The infrequency of gastric carcinoma. 

(8) The prevalence of malignant tumours on the sides of the neck. 

(4) The prevalence of skin carcinoma on legs and feet (grafted on 
chronic ulceration). 

Many observers in recent years, especially Snijders, Straub and de 
Langen in the Dutch East Indies, Vint in East Africa and Rogers in 
India, have drawn attention to the fact that cancer should not be regarded 
as necessarily a scourge of civilization. Nor is it correct to state that the 
number of sufferers is increasing at a staggering rate. It was Hoffman, in 
compiling statistics for the United States Prudential Societies, who stated 
that the cancer rate was eight times as high amongst the 500 million of 
civilized races as among the 1,200 million uncivilized, including India; 
but Rogerses statistics, based upon 1,600 post-mortems in Calcutta, critically 
arrayed, showed no greater incidence of cancer in England than in India. 
The carcinomata were equally divided betwecm the squamous and glandular 
epithelial forms, but the frequency of epithelioma ta of the jaws in Calcutta 
is notable, and has also been record^ by French observers in Dakar, 
Senegal- 

Malignant tumours, including both connective tissue and epithelial 
types, are about equally common in Bengal and in England, with a slight 
excess in the tropical country ; but both innocent and malignant con- 
nective-tissue tumours are considerably more common in Bengal than in 
England. - Vint has shown that, as far as Central Africa is concerned, 
there is close agreement between figures for malignant disease in natives, 
both in Nigeria and in Kenya. The large number of squamous-celled 
cancers in the latter coimtry is due to malignant changes in chronic 
tropical ulcers of the legs, and to epitheliomata associated with this 
condition. 

Carcinomata of the oesophagus and nasopharynx are espindally common ’ 
among the Chinese. 

A further peculiarity is the relatively high projK)rtion of sarcomatous to 
carcinomatous growths. In the extensive series of 5,000 autopsies from 
the Dutch Elast Indies, malignant growths were found in 9 per cent., and 
the proportion of sarcomatous to cancerous tumours was 1 ; 8*9, whereas 
in Europe and America it is 1 : 10. Sarcomata of the very malignant 
round-celled type greatly predominate. 

Malignant disease of the breast is not imcomraon in the East African 
native and, ac^rding to Vint, in almost 20 per cent, of cases it is found in 
males. Sequeira and Vint have {minted out that malignant melanoma, 
next to sq^mous-celled cancer, is the commonest form of malignant disease 
in the natives of East and Central Africa, and O’Connor has stated that in 
Bengal melanotic sarcoma is distinctly commoner thw in Europe. Host 
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of the tumours are found on the foot, and the majority are on the plantar 
surface. Trauma is the most probable cause, as both sexes walk barefoot, 
and in a few instances ” crab yaws “ is an antecedent. The disease is 
usually locally malignant. 

The clinical course of malignant growths .differs, as a rule, between 
natives and Europeans. Through ignorance or fatalism, native patients 
resist to the very end before asking for medical aid, and are in a hopeless 
condition when discovered. 

There still remain certain other peculiarities, consequent on local 
habits and customs. Thus Spittel, Davidson and Turner have shown 
that cancer (epithelioma) of the cheek is the commonest malignant growth 
in Ceylon, and is as frequent in women as in men between the ages of 
thirty-five and fifty ; here, no doubt, it is due to irritation caused by 
betel chewing. In Travancore, South India, it is also common, so that 
out of 1,700 cases collected by Bentall it formed 70 per cent. 

Kangri-bum cancer is mainly found in Kashmir and is encountered in 
the older men. In the Mission Hospital there no less than 84 per cent, 
of the operations performed are for this condition. Kangri is an earthen- 
ware bowl i>~6 in. in diameter, surrounded by basket-work and surmounted 
by a wicker handle. It is heated by wood charcoal, and is worn against 
the skin under a loose gamient. The growths are commonly found on 
the inn<T side of the thighs and anterior surface of the abdomen, above 
or below the umbilicus. The heat given out by the kangri is estimated 
at 150-2W0® F. The growths usually commence in the scars of previous 
bums. There are no metastases. 

Burrows, Molesworth, and many other observ^ers in Australia, have 
.drawn attention to epitheliomata of the face, especially in Scottish and 
Irish immigrants, attributed to excessive irradiation by the ultra-violet 
rays of the sun. 
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Definition. — The term malaria includes all fev(‘rs produced by endocor- 
puscular parasites of the genus Plasmodium which give rise to periodic 
fevers accompanied by anfemia, enlargement the spleen and deposit 
of black pigment in the intenial organs. Somewhat similar parasites 
occur in birds, bats and monkeys. Malaria heads the list as the most 
formidable of troi)ical diseases, and in India it is estimabHl to be rt^ponsible 
for at least two million deaths a year. 


History* — The characteristic malarial pigment was discovered by Meckel 
in 1847, the malaria parasite by Laveran in 1880. The mosquito-malaria 
hypothesis was formulated by Manson in 1 894, and in 1 897 Ronald Ross discovered 
malaria oocysts in the stomach wall of anopheles mosquitoes (.4. gtephensi) 
in India ; in 1898 he demonstrated the life-cycle of the allied parasite of birds 
{Plasmodium prcecoa-), the infection being conveyed from one bird to another 
by the mosquito in the act of biting. Subsequent ly ( Jrassi in Rome demonstrated 
a similar cycle of development of human malaria jiarasites in Anopheles maculi- 
pcnnis. 

It then became clear that man constitutes the intenmxliary and the. mosquito 
the definitive host of the malaria f>arasite. In 1900 Manson instituted two 
crucial experiments proving the correctness of mosquito -malaria transmission. 
Drs. Sambon and Low and Signor Terzi lived in a mosquito-proof hut during 
the most malarial months in the Roman Cam|)agna and remained free from 
infection. At the same time anopheles mr^sqiiiUies fed on malarial patients 
in Rome were despatched to London where they were set to bile I>r. P, T. Manson 
and G. Warren, both of vhom shortly afterwards develofied malaria fever, 
and malaria parasites were demonstrated in their blood. 


G60^raphicRl distribution. — Benujn tertian malaria is very widely 
distributed in the tropics, subtropics and tenq)erate zonc-s, though found 
most abundantly in warm countries. It extends as far north as 60® 
(Lake Ladoga in Russia and Southenj Sweden). S^nere epidemics have 
been recorded in Denmark, Holland, and the Emden district of (h*nnany. 
Imtil recently, as ‘ ague’ or ** marsh fever,” it occurrt^d to a limited 
extent in Southern England. The carrier in Northern Eurojie is Anopheles 
viaciihpennu, var. atropanns. In America it occurs as far north as 40® N 
m the va^y of the gacramento. In the southerly direction it baa been 
recorded from Queensland at 20“ 8., in Natal at 80“ 8. and in South 
America at 40 8., on the southern Iwrders of the Argentine. This form 
of originatea at an altitude above 6,000 ft, (i^., 

m the Himalyas). Records at higher altitudes are open to doubt. 
Though widespread m the tropics it is not conunou on the Weet Coast 
Of Afnca, and certain islands are free of benign tertian and all other 
apec^ of malaria :-Barbado8 (though a small outbreak due to intro- 
duced A. albimanw, was noted in 1027), Tahiti, Hawaii, Fiji, 8«no» and 
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other Pacific Islands and, until comparatively recent times, Mauritius 
and R6union, but the two last are now fever-ridden through the intro- 
duction of anopheles of various species. 

Ovale tertian vialaria, identified in 1922, is a particularly mild form of 
fever with tertian periodicity and appears to occur for the most part in 
Central Africa, and is found in Sierra Leone, the Gold Coast, Nigeria and 
Uganda. A few infections have been reported from Turkmenistan, 
Palestine, Egypt, Mauritius, Venezuela, India and the Philippines. 

Quartan malaria until comparatively recently appears to have been 
commoner in temperate latitudes than in the tropics. It is recorded 
from Central Europe, sparingly in the Mediterranean area — in Italy, 
Macedonia, Pah^stine — Iraq, South India and the Andaman Islands, 
and is the dominant form in South Ceylon (except in (q)idemic outbreaks), 
in parts of Malaya, in New Guinea and adjacent islands. In Africa it is 
found sparingly, espt^cially in the central portion. In America it is rare 
in the Wi»st Indies, but common in Antigua, in Panama and Brazil. 
In Macedonia and the Caspian area the iTiaximum incidence is from July 
to November, and in many k>calitie8 it appears to be confined solely to 
children (from 2-10 years) as, for instance, in Salonika and the Wt^tern 
Solomon Islands. 

Subteriian malaria is much more ** tropical ” in its distribution. It is 
iimit-ed by the mean summer tem|jeratim^ of 70^ F. (2F C.) and a mean 
winter isotherm of 48® F. (5® C.). In Europe it is rare, t^xcept in the Balkans 
and th<* Danubian marshes, but in the tropics it is the pr(*valent form, 
wherever fever is specially virulent. This is especially the cast* in desert 
oases, and subttTtian is tlu» chief form found in almost tht* wholt* of West 
;nul Central Africa, Asia Minor and in parts of Malaya and Ci*ntral India. 
In the Americau continent it was formerly abundant in Panaiui anti at 
present constitutes a menace in North and Central Brazil. In 1920 sub- 
tertian malaria was imported into Central Russia by refugees from Turk- 
menistan and spread as far north as Moscow where cases occurred even 
during the wuih^r tM^ason. 

Epidemiology and endemiology. — Conditions which favour the 
[)resence and breeding of anopheles mosquitoes tend to the increase of 
malaria, and vice and whatever favours access of these insects and 

the parasiU^s they contain also favours the acquisition of malaria. 

SjH»cial types of terrain are particularly malarious : the water-loggcnl 
< <»untry of the foothills of high mountain ranges, the deltas of most larg(> 
riN frs (though the deltas of the Mekong and the Red River of Iiido-China 
are relatively fre<^). The pool-dottiMl bc^ds of dried-up streams and recently 
deff)ro8ted lands are notorious. On the other hand there are instances 
<d elevated, arid and sandy plains which are dangerous. Malaria is a 
diseases of the open country and village rather than of towns. Those 
' ircumstaiices are related to the distribution of auopheline mosejuitoes 
' bich oecamonally, under favourable conditions, increiuk^ and spread. 
' ' W species ma^ bt* introduced into an area, as has happened many times 
‘ ' t he world's history. 

In subtropical regions subtertian malaria is a primary infection in 
^ lumer and eariy autumn, hence the popular term — (tstivo^autumnal 
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fever. This peculiarity can be explained to some extent by the higher 
atmospheric temperature requmed for its development in the mosquito. 
Hence, though benign and subtertian forms are frequently associated, 
and the latter can be acquired at any time in the tropics, it is only in the 
summer and early autunm tiiat subtertian can be acquired in more tem- 
perate zones. When the temperature falls below 15® C. development of the 
oocyst in the mosquito is arrested, but when once the sporozoites have 
entered the salivary glands, they are capable of infecting man, even during 
the winter season. Hiere is no evidence that any particular type of malaria 
is associated with any particular species of anopheles. Generally speaking, 
the most important conditions necessary for the propagation of the benign 
tertian parasite are the sustained average temperature of at least 60° F. 
(15‘5° C.) and a humidity of at least 63 per cent. 

There are other factors to be considered. Wenyon explained the 
seasonal variations of the two dominant forms of malaria in Macedonia 
and Palestine by the fact that the benign tertian tends to relapse over a 
longer period and is more resistant to quinine, whilst the subtertian is 
more amenable to treatment and there is less tendency for infections to 
persist from one season to the next. Though the numbers of benign 
tertian and subtertian cases may be approximately equal in the height 
of the season, subtertian malaria more rapidly develops a heavy infection 
and produces a greater number of gametocytes ; thus, it tends to spread 
in epidemic form wdth greater rapidity. 

The spread of malaria is also intimately related to the susceptibility of 
the human host. When health is impaired and resistance diraihished by 
malnutrition (see p. 25) or by physical exertion, or undermined by co- 
existing disease such as tuberculosis, chronic dysentery or ancylostomiasis, 
the infection spreads more rapidly and tends to assume virulent and 
intractable forms. This was particularly noted in the great malaria 
epidemic of Ceylon in 1933-4 which, though mainly due to the benign 
tertian parasite, was responsible for over half a million deaths. Every 
circumstance tending to physiological depression favours susceptibility. 

Immunity produced by previous infection is another consideration 
{see p. 84). D. B. Wilson states that subtertian malaria causes little 
illness in the adult Bantus of parts of Tanganyika, though all babies are 
infected in their first few months of life, and suffer severely before im- 
munity is acquired. 

A belt of trees betw'een a malarial swamp and human habitations may 
filter out mosquitoes by affording them protection from winds. Open 
windows and doors are a danger in malarious countries and for this reason 
sleepi^ on the ground floor or unprotected by a mosquito-net is dangerous. 
The times just before sunrise and after sunset and the night are most 
dangerous, but, although most active during twilight and night, anophe- 
Imes bite readily enough during the daytime in shady and wdndless places, 
in dark rooms and thick jungles. Very few species of anopbel^ are 
strictly diurnal. 

As a rule, malarial infection declares itself a week or ter^ days after the 
infective bite of a mosquito. In some individuals the incubation period 
may be greatly prolonged ; the spring malaria in Holland, for instanoe, 
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is thought to be due to infection acquired during the precedmg autumn. 
Few individuals are, however, permanently immune, A malarial subject 
may remain in fair health while resident in the tropics, but when he is 
exposed to cold, wintry winds, as on an ocean voyage, or when excessively 
fatigued, latent malaria is likely to become active again and an attack 
ensue. 

ifiTioLoaY OF Malaria (Plate II) 

The four species of parasite (Pkismodmm) causing malaria in man 
differ from each other in morphology, but the general course of their life- 
history is similar. They all have two distinct phases : intracorporeal 
and extracorporeal. Each species has its special intracorporeal life-cycle 
that may last approximately 48 to 72 hours. The extracorporeal cycle is 
undergone in the body cavity of an anopheles mosquito. 

The malarial parasite can be recognized in fresh unstained malarial 
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Fig. 3. — Evolotion of the tertlin parasite, unstained. 


blood an hour or so before a paroxysm ; it is a pale disc inside the red 
blot>d corpuscle (Fig. 3, a), and at a later stage a number of fine black or 
reddish-black particle's of pigment {hceniozoin, formerly known as melanin) 
are scattered throughout its protoplasm. This pigment is believed to be 
the excrement of the parasite. It collects, as the parasite grows, in 
central blocks round which the protoplasm b^M^omes divided into segments 
(merozoites) ; when the cycle is complete the containing corpuscle (host 
cell) breaks down and liberates the spheniles, none of which contain 
heemozoin. This stage coincides with a clinical fever. 

A number of these freed spherules escape phagocytosis by wandering 
leucocytes and attach themselves to other red corpuscles, enter them, 
and grow at the expense of the haemoglobin, exhibiting active amoeboid 
movements. When appropriately stained, the free merozoites are seen 
to consist of a nucleus surrounded by a rind of protoplasm ; as they reach 
maturity a nucleolus becomes visible. (Fig. 4, a, jf). In the pre-sporula- 
tion phase the nuclear elements become scattered throughout the proto- 
plasm, and around them the segmenting parasite arranges itself to form 
nterozoitee (Pig. 4, b, c). The vesicular character of the nucleus does not 
l)6com6 apparent in the merozoit^ until the^ lie free in the plasma. The 
hsemozoin or figment particles of the malana parasite are either black or 
lark brown dust-like specks, grains or rods, isolated or aggregated into 
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more or less dense clumps. As long as the nucleus remains entire, the 
hsemozoin is peripheral, but when segmentation takes place it becomes 
central. 

The extracorporeal or rmsquUo cycle commences with a process of ex- 
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Fig. 4 , — Evolution of the tertian parasite, stained. 

flagellation. This is a sexual phase which can take place in the blood 
after it has been withdrawn from the body. As observed in fresh wet 
preparations of blood, the flagellated body is derived from the male 
sexual cells or gametocytes, which are composed of protoplasm and 
hspinozoin and which possess, on more minute examination, a distinctive 
structure. These sexual cells are usually round, but in subtertian 
malaria {P, falciparum) they are crescentic. These well-known “ crescents 
become rounded off before flagellation. The flagella (more correctly, 
the microganietes) number from one to six or more. They are extremely 
delicate filaments, which move about rapidly and which every now and 
again break away and swim about with vibratile movement. Only the 
male cell (microgametocyte) undergoes this process ; the h^inale (macro- 
gametocyte) remains roundcHl and stationary until fertiliz(»d by one of the 
erupted flagella (microgametes). This (‘vent signalizes the first stage in 
the development of the malaria parasite* in the stomach cavity of the 
anopheles mos<^uito. (For further details, see p. 849.) 



Fig. 5. — Evolution of the flagetlated body from the crcKent (mule ganiftocyto). 

Pcmsibility of a latent phase of the malaria parasite In the 
htunan body. — It is a well-established fact that when the fever subsideg 
the parasite disappears from the general circulation, either sjpcmtaneoiuily* 
or as the result of the administration of quinine, atebrin or plasmoquine. 
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After an interval of weeks or months, however, the parasite may reappear 
in the peripheral blood. So far no satisfactory explanation has Ijeen given 
for this extraordinary latency. In benign tertian and quartan malaria it 
may be as long as nine months or a year after quinine, atebrin or plas- 
moquine treatment (sec p. 99). Shu te has suggested, from this and other 
evidence, that the sporozoites, when injected into the skin by the mosquito, 
do not all reach the bloodstream but may be held up in the skin for a long 
period. It is possible that there is an exo-erythrocytic cycle of development 
of the human malaria parasite in the endothelial cells of the spleen, liver, 
kidneys and capillaries. Then^ is some evidence that this has actually been 
seen in man as described by Kaffaele (1987) and Brug (1940). Confirmation, 
however, is lacking. This cycle certainly tak(*s place in the plasmodia 
of birds {see p. 840). 

Transmission of malaria by blood transfusion, drug addiction 
and salvarsan injections. — There is considerable risk of conveying 
malaria in the transfusion of citrated or stored blood ; P. vivax especially 
may be found in the blood of donors exposed to infection within four 
years before the transfusion. In London a case of fatal quartan malaria 
has been recorded in a baby transfused with compatible blood from its 
father who had lived in Ceylon twelve years previously and who had never 
suffered from any clinical manifestations of malaria (Nabarro and Edward). 
Gardner and Dexter have recorded a similar instance in which the interval 
was seventeen years. 

In non-inalarial countries persons who have had malaria should nut be 
used as blood donors. In malarial countries this rule cannot a])ply, but it 
is probably safer to use blood stored for not less than eight days. If fresh 
bitK)d must Ik^ used, the recipient shbuld be given quinine or atebrin 
as a prophylactic, and the risks of transmission an* reducwi if the donor 
has taken quinine regularly. Dried plasma and serum prepared from 
malarial blood are safe. 

Hutton and Bhvite deunonstrated that malaria parasiti*s may survive for 
days, or even wtn^ks, in blood stored at low temperatures — about 4® C. 

In Cairo, severe, and (3ven fatal, subtertian malaria was recorded by 
Biggam in heroin drug addicts from indiscriminate use of unstorilized 
syringes containing congealed blood. Similar instances have been 
rtHK>rded in New York by Appelbaum, Gelfand, Helpern and Most, and 
espwially on the? l^acific Coast, as well as in Peking by Chung and colleagues. 
Boyd and Blackman stated that the mortality rate amongst dnig addicts 
irmy be very high. Helpern recorded 49 cases, of which 27 died. 

Similarly, virulent subterlian malaria may be transmitted by un- 
Hterilized needles in intravenous injections of salvarsan, as recorded by 
VVenyon (1918) and Black (1989). 

Transmiasion of malaria to the foetus. — Congenital malaria is 
rare, but undoubtedly occurs. Some have thought that there must in 
tb(3se instances be a mechanical tear, or placental haemorrhage, by which 
^he parasites gain entmnee to the fmtal blood. Lopatin suggested intra- 
« tonne emigration of infected maternal erythrocytes into the fietus 
a result of damage to the maternal blood vessels. Or it may be that, 
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as the result of overwhelming malaria infection, the placenta itself has 
undergone pathological changes. Blacklock and Gordon in Sierra Leone 
found malaria parasites in the maternal blood spaces of the placenta in 
38 per cent, of parturient women ; in no case were parasites found in the 
f(B^ blood, yet of the children bom with infected placent® one quarter 
died within a week. 

Buckingham has demonstrated malaria parasites in the blood of a 
premature child ; Heiser found crescents of P. faJcifarum in an infant 
seven days old. Jones and Brown (1924) recorded an attack of benign 
tertian malaria in a child in Buckinghamshire 16 days after birth : the 
mother bad an attack of fever during delivery. Tanner and Hewlett in 
London (1935) recorded a similar instance two months after birth, and in 
one of twins, and Hoo (1941) a somewhat similar case in Amsterdam 
in a breast-fed child fourteen days old, where the mother had been originally 
infected with benign tertian malaria. These examples outside the tropics 
are most convincing, especially in England, where the possibility of 
indigenous infection does not arise. Wickramasuriya in Ceylon fouqd 
it comparatively common, and in three out of six proven cases of trans- 
placental infection death of the fcetus was attributed to malaria (P. 
falciparum) contracted in uiero,* 

The four forms of parasite and associated fevers.— There are 
four clinical types of malarial disease which are associated respectively 
with four distinct species of malaria parasite. These species have been 
classified according to : (a) the duration of their respwtive life-cycles 
inside the human body ; (b) their morphological characters ; (c) the 
clinical phenomena to which they give rise ; and (d) the results of inocula- 
tion experiments. 

Benign parasites are of three kinds : the quartan, which has a cycle of 
seventy-two hours and causes a fever that recurs every fourth day, counting 
from the first day of fever — quartan fever ; the benign tertian parasite, 
with a cycle oi 48 hours, causing a fever which recurs every tliird day, 
counting in a similar way — tertian fever ; and the ovale tertian which in 
many respects resembles benign tertian. The malignant or subtertian 
is al^ known as the cesiivo-autumnal, and has a life-cj^cle of approximately 
48 hours {see Table I). 

Inoculated or therapeutic malaria.— Following the work of Wagner- 
Jauregg of Vienna, the treatment of general paralysis of the insane and other 
grave nervous disorders includes the injection, subcutaneously or intramuscularly, 
of 1 to 2 c.c. of blood containing benign tertian parasites, with consequent 
production of attacks of malaria in the person thus injected. The best results 
are obtained with blood which has been immediately defibrinated and kept 
in a thermos flask at freezing-point. It is most important that P. vivax and 
P . ovale strains should be used ; deaths have occurred firom inoculation with 
oeriain^ strains of P , faletparum, though others in James’s have pfoved 

b^eficial. Favourable results, have been recorded in Vienna jfiom tlw employ* 
ment of Spirochcda dvttoni of relapsing fever in place of ms-l ari s- ■ 

Th^peutic malaria may also be produced by the bite of an infected 
mosquito or by the actual suboataneons injection of the extract of the salivary 

^^*^ ***^ "‘^ 




PLATE II 

MALARIA PARASITES, x 2,000 


A. >--Si;BTERTIAN PAEASTTB {Plamtodium falciparum), 

1. — Subtertian rings. Note the marginal form and, in one, double chromatin 
dots. 

fig. 2. — Quarter-grown parasite. When seen in the peripheral blood this denotes 
a severe infection, as it normally occurs in the capillaries of the internal 
organs. Not^ discolouration of cell, its irregularity and the pernicious 
stippling — ^known also as “ Stephens’s ” and ** Christopher’s ” dots, 
also as Maurer’s dots ” or clefts. 

Fig. 3. — Schizogonic stage, or rosette form, with, thirty spores, also usually in ^ 
capillaries of internal organs — seldom seen in peripheral blood. 

Fig. 4. — ^Male gametocyte (crescent). 

Fig. 6. — ^Female gametocyte (crescent) showing concentration of chromatin and 
pigment. 

B. —BENIGN TERTIAN PARASITE {Plasmodium vitoj). 

Fig. 1. — Young ring form. 

Fig. 2. — Quarter-groum parasite. Note Schtiffner's dots and slight enlargement of 
corpuscle. 

Fig. 3. — Half-grown parasite. (Amceboid form). 

Fig. 4. — Three-quarter parasite. (Amoeboid form). 

Fig. 5. — Presporulating stage showing fr^mentation of chromatin. 

Fig. 6. — Complete schizogony. (Rosette stage with 20-24 spores). 

Fig. 7. — Male gametocyte. Note loose arrangement of chromatin and purple tinge 
of protopla^. 

Fig. 8. — Female gametocyte. Note compactness of chromatin and blue tinge of 
protoplasm. 

C. — Quartan parasite {Plasmodium malaridc). 

Fig. 1 . — Ring form. 

Fig. 2. — Quarter-grown parasite (“ band form ”). Note corpuscle is not enlarged. 

Fig. 3. — Half-grown parasite (“ band form ”). Note the scattertxl black pigment. 

Fig. 4. — Presporulating stage. 

Fig. 5. — Complete schizogony. (Rosette stage with 8-9 spores). 

Fig^ 6. — Male gametocyte. Note purple tinge of protoplasm with heavy pig- 
mentation. 

Fig. 7. Female gametocyte. Note blue tinge of protoplasm. (Blue dots, when 
present in the blood corpuscle, are known as Ziemann’s stippling). 

Fig, 8. — ^Normal red blood-corpuscle for comparison of size. 

D. — OVALE Tertian Parasite (Plasmodium ovaU).^ (After Jamu, iSicddkBhuu.) 

Fig, 1.— Ring form. Note Schdffner’s dots. 

Fig. 2. — Presporulating sta^e. Note irregular and oval shape of corpuscle with 
coarse and prominent Bchhffner’s dots. 

Fig. 3. — Complete schizogony. Note irregular distribution and oval shape of spores, 
and also distortion of corpuscle. 

Fig. 4. ^Male gametocyte. Note coarse Schiiffnm'^s dots and purphi t i n g** of 
protoplasm. 

Fig. 5.— Female gametocyte. Note marginal arrangement of pigmeot. 
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glands containing sporozoites. Contrary to the opinion formerly held, it has been 
shown that inoculation of sporozoites from the salivary glands of one infected 
anopheles will produce in some persons quoUdian rigors due to parasites sporula- 
ting within a day of each other. In many oases, also, after an incubation period 
of 7-10 days, the onset of the malaria attacks is characterized, not by t 3 rpioal 
intermittent fever, as seen in Charts 1, 2, but by a remiUmt fever which may persist 
for a week or more before becoming frankly inUrmiUerd (Chart 3). This feature 
appears to have been noted in the historic inoculation experiments originally 
.carried out by Manson and Grassi (p. 44). One objection to the use of benign 
tertian malaria is proclivity to quotidian fever, which is extremely exhausting 
to debilitated patients. Injections of thio-bismol, 0*2 grm., have been shown by 
a number of observers (Schwartz, Brunsting and Love, Cole, Whelen, and Shute) 
to have the property of destroying the half-mature schizonts of P. vivaz, thus 
eliminating alternate cycles, and of transforming a quotidian into a tertian fever. 
(Thio-bismol is the trisodium salt of bismuth thio-glyoollic acid Bi (SCH| Co, 
Na), and contains 38 per cent, metallic bismuth.) The optimum time for injec- 
tion is about the fourth day. During the incubation period it has no effect. The 
results of therapeutic malarial treatment have, according to Yorke and Mache, 
been favourable : 27*4 per cent, of general paralytics were regarded as tem- 
porarily cured, while in a further 20*2 per cent, great physical and distinct mental 
improvement was observed. It has been proved that stabilization takes place 
so that re-adaptation to family life and social responsibilities is possible. In 
other forms of cerebro-spinal syphilis, it seems as if malaria therapy acts as a 
mordant for specific medication. 

In inoculat^ infections disinfection by quinine or atebrin is extraordinarily 
easy. To effect a complete cure, the amount of quinine administered varies from 
46-150 gr. and about 3 grm. of atebrin. Relapses after subcutaneous inoculation 
of malaria are extremely rare, while in naturally-acquired malaria they are 
common. It seems, therefore, that malarial infection produced by the injection 
of sporozoites is much more long-lived and much less amenable to quinine. 
Valuable information about the failure of quinine to act prophylactically has 
also been obtained. The administration of quinine in 10 gr. solution daily 
for five days before, on the day of, and eight days after the bite of infective 
mosquitoes fails to prevent the development of malaria ; similar results have 
been obtained in cases where 30 gr. in solution were given on the day of feeding 
infective mosquitoes and on each of the two following days. These experiments 
show that quinine has no action upon sporozoites injected by the mosquito ; 
on the other hand the development of malaria can be prevented by 10 gr. of 
quinine daily taken for ten days after the infecting bites. 

Artificial infection of susceptible species of anophelineSt and 
technique employed. — For the production by mosquito bite of malaria 
infection in general paral 3 rtic 8 , wild-caught mosquitoes obtained in csountry 
districts free from malaria may be used, but it is now usual to breed them in 
inseotories, aUowing them to obtain blood meals from pigs. The insects are 
collected one by one in a test-tube and transferred to a mosquito cage. When 
about 300 have been caught, a waterproof cover is drawn over the cage, which is 
then taken to the laboratory. After removal of the cover, the cage is placed in 
an incubator at 23^ C. for twenty-four to forty -eight hours in order that blood in 
the stomachs of the mosquitoes may be digested quickly and that they may be 
ready to feed upon the infecting case. It is essentiid that the peripheral blood 
should contain male and female gametocytes in the ripe stage ; the male fewms 
should “ flagellate ” readily in a moist-chamber preparati^ of frieshly-dmwn 
blood (see p. 1001). 

In artiflcally-inooulated malaria oases, in order to produce, for exatn^* 
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Chart 2.— Quartan ague. 
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a suflBcieiit number of gametooytes 
of benign tertian, James finds it best 
to permit the patient to have a num- 
ber of (ten or more) attacks of malaria 
before administering a small dose (5 
gr.) of quinine. A remission of four- 
teen to seventeen days will occur before 
the next attack, when gametocytea 
in the right stage should be abundant 
in the peripheral blood. 

When the mosquitoes are to be fed 
on the infecting cases they are taken 
from the cage in a test-tube and 
transferred to glass jars. The tops 
of these jars should be covered with a 
piece of paper in which a half-circle 
valve of the same size as the mouth 
of the test-tube is cut. To liberate 
the mosquitoes the oottomwool plug 
is withdrawn from the mouth of the 
test-tube at the same time that it is. 
pushed through the valve. When the 
mosquito has fiown into the bottle, 
the tube should be withdrawn and 
the valve plugged with cottonwooL 
After twenty mosquitoes have been 
transferred to each of four or five 
bottles, pieces of mosquito-netting 
should be laid over the paper which 
closes their mouths and, holding the 
mosquito-netting in place with the 
palm of the hsmd, the paper should 
be oarefiilly drawn away, leaving the 
netting as a cover, which should then 
be tied on tightly. 

The jars containing the mosquitoes 
are then placed on the leg of the 
patient. An attendant should keep 
the mouths of the jars pnmed closely 
against the skin duri^ the period 
aUowed for feeding, which is usually 
about twenty minutes. The mosqui- 
toes bite really through the netting, 
but when they have ff^, the jars are 
placed inside the cage and the net- 
ting covers removed, when they escape 
into the cage. This is .kept in an 
incubator at 23® €• (73® F.) and, by 
standing a bowl of water in It aim 
banging wet cloths around it, the air 
is k^ as neariy saturated with mois- 
ture as posrible. The procedure Is 
repested daily, the mosq^toes being 
fed for at least five succesilTe days 
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on an infecting case. Afterwards they are fed every day, or every other day, 
on a patient who is awaiting treatment, in order to ensure that they obtain 
the necessary amount of nutriment. Some mosquitoes die every day, and these 
are dissected to ascertain the progress of the malaria infection. Vilien sporo-* 
zoites are present in the salivary glands (usually between the tenth and fift^nth 
day after the first infective feed), incubation is discontinued and the group of 
insects should be kept either at room -temperature or in an icebox at 5^ C., 
when further development will be arrested and the mosquitoes will remain 
torpid, but ready to infect a patient whenever required. 

To infect a patient, four or five mosquitoes are transferred from the cage 
to one of the glass jars and allowed to bite. Usually two or three bite within 
a few minutes. When human blood cannot be obtained to nourish the mosquitoes, 
they can be fed on glucose solution sprayed on cotton-wool. 

By this method James has shown that nearly 100 per cent, become infective ; 
while the experience of Wenyon in Salonika and that of the Editor in England 
shows that after a single feed on a suitable benign tertian case fully 80 per cent, 
of A, macuUpennis develop odcysts in their stomachs provided that the air is kept 
moist and warm. 

Morbid Anatomy and Pathology of Malaria 

Spleen. — The spleen is big and, when grossly enlarged, is popularly 
known as the “ ague cake.” Although it fluctuate*8 in size it is most 
certainly ahcays swollen during an acute attack. The surface is dark, 
Roinotimes almost black and, on section, is dark-red, purple or chocolate- 
black from congestion and pigmentation. In subtertian infections 
(which account for the majority of fatal c^es) the parenchyma is so 
soft(*n(‘d as to be almost ditHuent, the capsule being tightly stretched like 
a bag of congealed blood. The pulp is so tAiry that it can be washed away 
by a gentle stream of water ; it is diffluent and the Malpighian bodies 
appear pale grey. Such an enlarged spleen can easily be ruptured and 
cause death. Its weight varies enormously according to the duration and 
intensity of infection. Clark estimated the normal spleen in negroes 
at 140-160 gnn. (5-6 oz.) and says that it must exceed 800 grin. (11 oz.) 
before it can be reailbnably detected by palpation during life. There may 
be few signs of perisplenitis. 

Histologically, half-grown parasites and a few pigmented monocytes are 
seen in branches of the splenic artery. Areas of thrombosis and haem- 
orrhage, small local infarctions and necroses oc^ur from blockage of the 
vessels, as well as from toxic action. No pigment is seen in the Malpighian 
bodies. The venous sinuses are greatly dilated ; the endpthelial cells 
contain pigment and histiocytes with ingested pigment, red cells and 
l>hagocytosed parasites. Especially in subtertian infections, these 
l)artt8itized cells in the capillaries tend to adhere to the endothelial cells 
and may actually block the lumen. 

In the interval between attacks hypera>rnia disappears and the organ 
Ix^comes more solid, harder, and shrinks. In this state the Malpighian 
bodies may diminish in size and stand out sharply against a dark back- 
ground, and the pigment is scattered throughout the organ instead of 
occurring in clumps as during an acute attack. 

Liver. — The liver is usually congested, enlarged, pigmented and olive- 
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brown, especially in the left lobe which receives the splenic blood. Glisson’s 
capsule, surrounding the portal system, is stretched. 

Histologically the appearances vary widely, according to the intensity of 
the infection. The parenchyma cells do not take up tiie malaria pigment, 
but they contain the product of its destruction, hcemosiderin, and also 
bilirubin. (Homosiderin contains ionizable iron ; haemozoin (malaria 
pigment) contains non-ionizable iron, so that the former does not give 
the Prussian blue reaction with potassium ferrocyanide, unless acted 
upon first by nitric acid and hydrogen peroxide). The sinusoids are 
congested and the Kupffer cells contain haemozoin ; the parasites (sub- 
tertian) are present in the sinusoids, and changes are most marked at the 
periphery of the lobules. Parenchyma cells show all stages of degeneration 
owing to interference with the blotid supply, the presence of toxins and, 
in very acute infections, there may be widespread areas of necrosis around 
the central vein. Usually, the cells show cloudy swelling with granular 
contents and diffusely staining nuclei. Little haemorrhagic art^as are seen 
in the vicinity of focal necroses. 

In chronic malaria the slaty-grey colour is due to pigment deposits. 
Tlie organ is more solid from an increase of the endothelial cells, but 
pigment is still located mainly in the outer zones of the lobules, but is 
also seen in the histiocytes and the connective tissue of Glisson’s capsule. 

Kidneys. — In acute cases of malaria there Ls great congestion, without 
pigmentation, but grey dots and lines can be distinguished in the pyramids 
of the cortex. Th(* small dots represent Bownian’s capsules which are 
full of agglomerated parasitized red corpuscles. There is considerable 
damage to the convoluted tubuk^s, esp<»cially the first, and degenerative 
changes in the epithelial cells with loss of outline and fecd)ly staining 
nuclei — a process which may proceed to complete* necrosis, in severe 
Bubtertian infections the lumen of the tubules is filled with granular casts 
and sometimes there are actual hemorrhages ; the changes may then 
amount to a parenchymatous degeneration. The kidney appears to he 
especially affected in severe subtertian and quartan infections. 

Heart. — In subtertian infections this organ is especially picked out. 
The blood vessels are packed with parasitized cell masses ; there is fatty 
infiltration of the cardiac muscle fibres and subendocardial petechial 
haemorrhages. 

Lungs. — Congestion of alveolar capillaries is 8(*{*n, and the vessels are 
blocked with parasitized red and macrophage endothelial cells. The 
pleura and lung tissue are grey from deposittnl hiemozoin. All these 
changes interfere with the natural resistance so that malaria-infected 
subjects are more liable to pulmonary di8(»asc*. 

Pancreas. — There is often focal necrosis due to blockage of the capil* 
laries, especially of the nutrient vessels of the islets of Langerhans, and 
in rare instances the clinical appearances of an acute bssmorrbagic pan- 
creatitis may be repnxlucad. 

Soprarenala.' — These too are especially attacked in subieriian in- 
fections. There is partial or complete loss of the yellow colour (lipoids) of 
the cortex and congestion and blockage of vessels with parasites. The 
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implication of these endocrine glands is held to be responsible for algid 
symptoms observed during life. 

Stomach and gastro -intestinal tract. — The mucosa is coated with 
mucus and there is gastro-intestinal catarrh. Therefore, achlorhydria 
is common in the acute stage of malaria, 'and this may account for the 
dyspepsia and gastro-intestinal irritation. The blood capillaries are loaded 
with parasites, and degenerated areas of mucous membrane are encountered 
which may give rise to dysenteric symptoms. 

Bone marrow. — The yellow and adipose tissue is very vascular and the 
red marrow is dark or chocolate brown, especially at the periphery. 
Considerable phagocytosis occurs, with pigment-containing macrophages. 
Parasitized cells are present in large numbers, especially immature cres- 
cents. There is myeloid hyperplasia with many normo- and megaloblasts. 
In chronic cases the marrow is redder and more solid, and the fat 
disappears. 

Central nervous system. — The brain is normal except in cerebral 
subtertian cases, when it has a leaden hue due to deposition of malaria 
pigment and parasitized cells in the capillaries. Often there are punctiform 
hffimorrhages in the subcortical zones, especially in the corpus callosum. 
On the whole, the grey matter is smoky grey while the white matter is 
speckltKi with punctiform haBinorrhages. The smaller capillaries become 
completely blocked with parasitized cells adhering to the endothelium. 
In areas when^ there an' actual hfiemorrhages, macrophage cells abound, 
hut the extravasaUni trolls do not contain parasites. Margulis, Thomson 
and S(‘yfarth lirst described as “ malarial granulomata ’’ focal degonera- 
tions in the brain substance, the result of haemorrhages. Granuloma is 
really an incorrect term, for these lesions somewhat resemble tubercles 
and are formed by an agglomeration of glial cells around a central focus 
of degeneration (Big. 7). They are of some aBtiological significance, since 
they may serve to explain the occasional permanent cerebral phenomena 
wliich follow an attack of cerebral malaria. 

Three types of cerebral malaria can ho distinguished on pathological 
grounds. 

(1) Massive infedion, — The capillaries are blocked and thrombosed. 
Th(*re are numerous small h«Rmorrhagt*s w ith granulomata in the 
Hubcortical zoru^. Clinically there is a gradual onset of menUl disturbance 
♦ uding in coma. It is often very difficult to demonstrate parasites in tlie 
IH'riphoral blood in these cases. 

(2) (ietterdned tojwmia. — This is charact4'rize<l by fits and convulsions. 
There are scattered small haunorrhages. Quinine has no effect and may 
actually increase toxicity by massive desinietion of the parasites. 

(3) Efd)ol%srti, — Emboli produce punctiform haBmorrhages, especially 
m the corpus callosum. 

Placenta. — The maternal sinuses may be packed and blocked with 
^id)tertian parasites. Infection of the placenta may interfere with the 
tnitrition of the fcetus. It is probable that malaria parasites cannot pass 
tiirough the undamaged placenta, as spirochaBtes do. Inoculation with 
Jnalaria probably occurs at birth (possibly through the umbilical cord, or 
i iirough a placental tear) when a twelve-day old inbnt contracts the disease, 
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but there is evidence which suggests that infection may sometimes be 
acquired in tUero (p. 49}. Abortion may occur, or the child may be bom 
in poor health. 

nUtiiriil patiiology. — There is no disease which destroys red blood 
corpuscles so rapidly as malaria except its sequel blackwater fever. To 
produce symptoms it is estimated that there must be at least one parasite 
to every 100,000 red blood corpuscles. Reduction of number of red cells 
cannot be accounted for by the proportion attacked by the parasite. 
The amount of haemolysis produced by the mechanical disruption of red 
cells by the pauasites should be easily compensated by the latent physio- 
logical haemogenic reserve, but it is not. According to Brown, haemozoin 
(the malarial pigment) may act as a haemolysin and, when taken up by 
endothelial cells, destroy red corpuscles and actually cause capillary 
haemorrhages. Thus, the reticulo-endothelial system plays a major part 
in h»molysis and this possibly accounts for the persistent anaemia which 
follows a severe attack of malaria. According to modem researches 
(Malamos) a large proportion of malaria parasites are contained in reti- 
culocytes or the most immature red blood corpuscles. Often after a 
single attack of subtertian malaria as many as half to one million corpuscles 
per c.mm. are destroyed (Plate III), with corresponding diminution of 
hsBmoglobin. 

Malwal oligocythsamia is accompanied by many changes in the red 
cells, such as poikilocytosis, anisocytosis, basophilic stippling, and other 
signs of degeneration of red cells. Basophilic stippling persists for a long 
period after the disappearance of malaria parasites and may be regarded 
as evidence of persisting malarial infection. On the whole, in malaria, the ’ 
corpuscles are larger than normal — ^particularly those attacked by the 
benign tertian parasite. Megalocytic ansBmia is fairly common. Not 
infrequently certain small spherical dark-coloured cells are seen, which 
may be nucleated and are of an embryonic type. There is also sometimes 
auto-agglutination of the red cells (cold agglutinins). 

In acute cases of malaria there is an increase of blood sugar, but in 
subsequent attacks this rise is not sustained, but is followed by a decrease. 

Leuwq ^- — ^Within a few hours of the onset of fever the leucocvtes 
are usually increased during the actual paroxysm. Subsequently tnere 
is a distinct fall to 8,000-^,000 per c.mm., the ratio of white corpuscles 
to red changes from the normal 1 : 500 to perhaps 1 : 900, but in chronic 
malaria the leucopenia is not so pronounced or so persistent as in kala-azar. 
In subtertian infection associated with intestinal symptoms there may be 
a persisting leucocytosis. 

Sotne diagnostic importance has been attributed to the large hyaline 
or mononuclear cells which play a special r61e in the phagocytosis of 
malaria parasites and which often contain ingested haemozoin. P. Thom* 
son has shown that the percentage of these cells, estimated at houriy 
int^als during the malarial paroxysm, gives a curve which is in inverse 
ratio to that of the temperature chart. During the rigor and at the heigiit 
of fev^ their numbers are at the lowest ebb, ^t during the afebrile 
period an increase takes place, and this persists for weeks after file patient 
has seemingly recovered. Stephens and Christophers concluded tiiat a 
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mononucleosis of 15 per cent, might be considered diagnostic of malaria, 
but the figure is not usually above 20 per cent. 

Therefore a history of fever, a relative leucopenia, with an increase of 
the large hyaline mononuclears up to 15 per cent, is strong confirmatory 
evidence of a malarial infection but, as already stated, a leucocytosis 
per se does not necessarily exclude it. 

Phagocytosis , — The hasmozoin (malarial pigment), the detritus of the 
parasites and the red blood corpuscles are taken up in the blood by the 
polymorphonuclear and large mononuclear cells. Considerable destruction 
of red blood corpuscles, both normal and parasitized, takes place in the 
spleen, where profound pathological changes occur, and this contributes in 
no small degree to the resulting anaemia. The large number of pigmented 
macrophage cells (liistiocytes) in the splenic sinuses is a striking feature, 
wliilst pigment-containing leucocytes in the peripheral blood afford 
evidence of malaria infection. The observer must convince himself that 
this pigment is true haemozoin and not dust or dirt on the film. The 
pigment-containing leucocytes are best demonstrated by the thick-drop 
HU‘thod. Pigment may also be found within the cells of the cerebrospinal 
tiuid in cerebral malaria. As a rule, in the mononuclear cell it is yellowish- 
bro\^'n, or brownish-black. There is also a shift of the Ameth index to the 
lt*ft and a general diminution of blood platelets. 

Other elements in the blood , — There is a fall in the total proteins with a 
decrease in albumin and an increase of globulins. The increase of the 
globulii»-albumin rate is to be ascribed to the reaction of the reticulo- 
endothelial system. This is the basis of Henry’s reaction {see p. 87) 
which is due to the excess of euglobulin, but which cannot be regarded 
as specific for malaria. The alkali r€^r\*e is diminished as a result of 
interference with the glycogen metabolism by the liver. Li subtertian 
malaria, during the active stages, the sedimentation rate of the red blood 
corpuscles is increased. 

Polycholia . — Up to a certain point in pathological h®moglobinuria the 
liver is capable of dealing with liberated hemoglobin, so that, when 
this pigment is set free in the blood, serum secretion and flow of bile 
(bilirubin) are correspondingly increased. When excessive it gives rise 
to “ bilious vomiting and bilious diarrhoea ” which are such features 
of severe subtertian infections and find their highest expression in black- 
waU*r fever. It is probable also that the yellowness of the skin and 
sclerte observed in most fevers is due to tinting of the skin with serum 
bilirubin elaborated by the reticulo-endothelium. Enlargentent of the 
liver is apt to ensue in all four types of malaria, especially in subtertian, 
itnd is sometimes accompanied by tenderness. 

Blood piommts , — Malaria pigment, or hamozoin, is identical with that 
' ' united witl^ the malaria parasites and is to be regarded as an exoremental 
product of the ha^matozoa. Hsemozoin is insoluble even in strong acids, 
b'»t is altered by potash and dissolved by ammonium sulphide. It is an 
»n-containing derivative of hasmoglobin pr^arily split up into globin 
h»matin, and from this latter namosoin is derived. It is probably 
b ntical with mdamn and the same as the extravascular product found 
! > bilhandasis and in (M^tain melsmotio tumours, but in these conditions 
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it occurs only in cells, never in blood vessels, as in malaria. In the body 
haBmozoin is most abundant in the splenic vein. 

In the organs, especially in the liver, there is usually a deposit of 
hoBmosiderin (yellow or brown). This pigment is not characteristic of 
malaria, but occurs in all diseases in which extensive haemolysis takes 
place. Unlike haemozoin, it is equally insoluble in acids, alkalis and 
alcohol. Becerit researches indicate that under this term two separate 
components are included. Probably the original pigment after deposition 
breaks up into free iron and iron-free hmmofuscin. These ferrogenous 
granules are more abundant after an active haemolysis and can be demon- 
strated by the potassium ferrocyaiiide test, in which they show^ up blue. 
The haemozoin is black, whilst the haeniofuscin remains yellow. In a more 
protacted haemolysis the yellow pigment is more abundant. Part of the 
free htemoglobin which is acted upon by the reticulo-endothelium produces 
serum bilirubin which gives an indirect Van den Hergh reaction. 

Pathology op Black water Fever 

The morbid anatomy and microscopic pathology of blackwater fever present 
an exaggerated version of that of subtertian malaria. 

The gaU-bladder is filled with dark-green viscid bile. The spleen contains 
a large amount of haemozoin, together with evidence of phagocytosis of the 
red blood-corpuscles by leucocytes and endothelial cells (haematophagy). 

The kidneys are enlarged and congested, and of a peculiar sandalwood or 
greyish- violet-brown colour, the tubules being blocked with h»moglobin infarcts, 
and the cells of the collecting tubules laden with hasmofuscin, whUci in the 
capillaries a considerable amount of haemozoin is found. The blockage of the 
kidney tubules is attributable, apparently, to two causes : the hyaline or blood- 
casts, as they are called, are due to the coagulation of highly albuminous haemo- 
globin-containing serum, while the cellular are formed by dislodged and degenerate 
epithelial cells of the urinary tubules which, when impregnated with haemoglobin, 
collect in the lumen of the tubules. The appearances are similar to those 
observed in the kidneys in fatal cases of favism, snake- venom poisoning and 
incompatible blood transfusion.^ In more chronic cases the appearances of the 
kidney are diffeient. Should the patient then die of uraemia, the macroscopic 
and microscopic appeakrances of the kidney are those of chronic parenchy- 
matous degeneration. 

The bone-marrow ia brown and fluid. 

In the early stages the blood shows a great reduction in the number of red 
blood-corpuscles, but very little other change ; the degree of reduction depends 
upon the extent of the haemolysis. If it is very extensive, the red blood-corpuscles 
may fall to 1 million per c.mm. within 24 hours, but in fulminating cases counts 
of 500,000 have been reooided. At this stage free “ shadow.** oorpusdes csan 
be seen in fresh blood preparations, and it is stated that effete red cells may 
occasionally be found enclosed in the phagocytes. During recovery the most 
striking microscopical changes seen are tlm intense polychromasia and poly- 
chromatophilic stippling of the red blood -corpuscles. According to the present 
teadiing, both tb^ chaxiges indicate blood regeneration, and, as evidimoe of 
this, nucleated red blood-oorpusoles may make their appearance. At the same 
time, as a rule, a definite increase of the mononuclear cells (about 12 per cent.) can 
be substantiated ; but, save ki the absence of malaria parasites, tbn^ is no 
striking filature in which the blood picture differs from that of a serious 

> On pfttbolotEical groood#, KnegnUth and otbfifli do not now think that meohantoat bkaSoMM <4 ihs 
tatmtei ht mmdentfy compkie to aooount for the amtria of Maokwaier. ^ 
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case of subtertian malaria. In the early stages the serum contains both 
meth«emog)obin and methsemalbumin. 

Symptoms of Malaria 

Typical fevers are produced by benign tertian, ovale tertian and quartan 
fevers. 

The characteristic ague is divided into three stages : (1) cold stage, (2) 
hot stage and (8) sweating stage. One or even all these stages may be 
absent on occasions, especially when the infection is of long standing, 
whilst in subtertian fever many symptoms are so bizarre that they may be 
most misleading, so as to enforce the conviction that in many respects 
it is quite a different disease. 

It is now appreciated that the type of temperature curve, whether 
inienmileni or remittent, is h^ss significant than it was formerly considered 
to be. Primary infections of benign tertian may, and indeed often do, 
]uoduc(» a remittent temperature chart/ before finally assuming the classical 
iniermitieni character. Moreover, two generations of tertian parasites 
maturing in the blood at different times will produce a quotidian fever, 
and two generations of quartan will give feviT on two successive days — 
(fuartana duplex — or, conversely, on three successive days — a quotidian 
f<‘V(‘r — quartana triplex. 

The incubation period is usually 10 days ; under artificial conditions by 
mosquito-bite 14 days, but by direct blood inoculation 11 days. WTien 
the number of inftH^ting bites is increased, as in subtertian malaria, the 
incubation period tends to he shorter. In 8*5 per cent, it may be 8 days, 
hut in latent cast»s it may hi* as long as 80 to 40 weeks. Prolonged incubation 
j)eriod8, as long as one year, have becui noUni, especially in inoculated malaria. 
In tiunperate countries an infection contracted in summer or autumn 
is often follow(*d by a primary attack in the following spring or summer. 

Premonitory stage. — For several days before the actual attack the 
fuitient may lx* conscious of lassitude, a desire to stretch or yawn, aching 
in the bones, anorexia, sometimes vomiting and a fwling of cold water 
d(»wn the back. 

Cold sta^e. — This usually lasts one to two hours, and is the rigor, or 
‘ ague.'’ The feeling of cold is intense and universal. The teeth chatter, 
tliv patient shivt>rs from head to foot and wraps himself up in any gariu(*nt 
1 h* can lay his hands upon. Vomiting may be most distressing. The 
f‘ atun^ are pincluni, the fingers shrivelled and the skin blue like ‘ goose- 
^Idn ” (cutis anserina). The feeling of cold is purely subjective, bwause 
I in* t(*m|M»rature is rapidly rising. Children usually have convulsiv(‘ fits. 

Hot stable. — The hot stage may last from three to four hours. The 
^^>lvering abates and gives place to, or alternate with, sensations of great 

at. The clothes are thrown off. The face is flushed : pulse full, 
* 'Hiding and usually dicrotic; headache, intense; vomiting usual ; 

piration hurried ; skin dry and burning; the thennometer rising to 
^ h , sometimes 106® F., rarely high^u*. 

Sweating stage. — Kiis usually lasts from two to four hours, 

1 it lent breaks out into profuse pei^piration with sweat literally running 
‘ him in streams, saturating clothes and bedding. With sweating 
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111© fever rapidly decline©. Headache, thirst and distress give place to a 
feeling of relief and tranquillity. When it has ceased the patient may 
feel exhausted, but quite well and able to go about. The body temperature 
is now subnormal and remains so until the approach of the next paroxysm, 
one or two days later. 

Herpetic eruptions of the lips and nose (fever sores) are common, 
especially in benign tertian infections, and have been noticed on the ears. 

Duration of fever fit.-— The total duration of the fever cycle may be 
from six to ten hours. 

Urine and faeces in ague. — During the cold stage the urine is abund- 
ant and limpid and micturition frequent ; during the hot sweating stages 
it is scant, cloudy, sometimes albuminous. Urea excretion is increased 
during the rigor and hot stages, and so is that of the chlorides and sulphates. 
Phosphates, on the contrary, diminished during the rigor and hot stages, 
are increas^ during defervescence. Augmentation in urea excretion 
commences several hours before the attack, attains its maximum towards 
the end of the rigor, and decreases during the terminal stages, though 
still above the normal figure. 

A fleeting glycosuria has also been observed from time to time. The 
urine usually contains urobilinogen and urobilin in excess during the 
attack, but they decline with the temperature. This is a valuable 
diagnostic sign, especially in subtertian malaria. The corresponding 
pigment in the fasces (hydrobilirubin) is increased twenty times the normal 
amount whilst parasites persist in the blood. 

The spleen during ague. — The spleen is enlarged and painful during 
the rigor, but in early infections not always palpable. At first the enlarge- 
ment recedes during the interval, but it tends to become chronic if relapses 
or re-infections are numerous, especially when associated with pronounced 
cachexia. Spontaneous and fatal rupture may occur in subtertian 
infections, more usually as a result of direct violence (de Saram and 
Townsend, 1948). A successful splenectomy does not, as has often been 
stated, extirpate the malarial infection. 

Hennessy and others have recorded that splenic rupture, throu^ 
causing severe internal hemorrhage, may produce misleading symptoms 
which may mimic those of rupture of "the bladder by causing urinary 
imtability and hypogastric pain. 

An important lesson for clinicians is that failure to palpate the spleen 
should not justify omission of microscopic blood examination for malaria 
INarasites. It is estimated that it must be enlarged to twice its normal 
mae in order to be palpable. 

P^od of the day at which ague commences.— Quite a large pro- 
portiem of agues “ wme off ” between midnight and noon or in the early 
tdimkom. This time factor may constitute an important point in 
diagnoris, eqiecially as p^exial attacks somewhat simulatiiig malarial 
agues may be caus^ by liver abscess, tuberculosis, Bad. ccU mfeetions of 
^ urinary tract and septic conditions, in all of which febrile recurrences 
are apt to take place during the afternoons or evenings. The fever in 
memr^goeoced septicannia may show a tertiw or quartan periodicity 
difficult to distinguish from malaria. 
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At3i>ical agues. — There is an infinite variety of what may be termed 
masked malaria/’ that is to say, malaria without the more easily 
observable manifestations, especially in subtertian infections, which are 
apt to become pernicious. There may be a comparatively slight rise of 
tumperatum with supra-orbital neuralgia, headache, prostration, vomiting, 
or gastric oppression and dyspeptic symptoms. 

Course of benign tertiw and quartan fevers. — Benign tertian 
ague usually lasts ten hours or less and may be taken as the type of a 
malarial attack. In some cases the* rise of fever is rapid and high, and the 
temperature may reach 105® to 106® F. within an hout or so ; on the 
other hand, in some cases none of the clinical phenomena are present and 
the temperature does not rise above 99-100® F. Benign tertian, unless 
complicated, is not usually fatal ; but the persistent and relapsing character 
makes it a debilitating and tiresome disease. As a general rule, the 
duration of a simple benign tertian infection before the parasites die out 
from the peripheral blood is nine months to one year after leaving the 
endemic area, but exceptions to this rule occur, as clinical relapses, with 
parasites in the blood, have been recorded as long as three or even four 
years after the original infection. 

The fever in quartan malaria is generally smart while it lasts, and is 
welhdefined in its various stages, but it does not produce much systemic 
disturbance or cachexia. It has often been remarked that, whilst in- 
dividual attacks of this infection are amenable to quinine and atebrin, the 
disease is more persistent than tertian or subtertian, so that attacks are 
apt to occur from time to time over a period of many years and may 
persist as long as 12 or even 21 years (Shute). It is becoming increasingly 
realized that quartan parasites may be present in the bhood without 
evoking any special symptoms. The parasites are more resistant to 
quinine in the sense that they persist in the bloodstream for a week or 
more while the patient is taking the drug. 

Quartan periodicity is the hall-mark of quartan malaria and is hardly 
ever foxmd in any other disease. Occasionally, quartan fevers are 
encountered without splenomegaly and apparently without parasites in the 
blood ; tneir true nature can be ascertained solely by the action of quinine. 

Quartan malaria nephroala. — Although kidney changes are 
associated with subtertian malaria, nephrosis is commonest in countries 
where the quartan parasite predominates, as has been noted by Watson 
(1904), Clarke (1912) in Malaya, Goldie in Palestine, Daniels (1897) and 
^hglioli in Briti^ Guiana and Surbek in Sumatra. 

Giglioli, in a complete study, finds that acute nephritis is not usually 
iHS(»ciated with this infection except in the chronic form, and considers 
» bat a small proportion of cases are caused by P. /ofciparuwi. Both sexes 
re liable to this complication ; in childhood the sex distribution is equal, 
' it amongst adults malarial nephritis is commoner in males than in 
males. He regards albuminuria in a febrile attack as an indication of 
^ ^ commencement of parenchymatous nephritis. The patholo^ counts 
‘ ini inflamed kidney which afterwards becomes of the large* white variety 
eventually degenerates into chronic interstitial nephritis. GoWe, 
^ ^ the other band, &ids that the pathologioal picture is one of nephrosis 



64 


MALARIA 


and is due to the production of malarial toxins continued over a long period. 
He considers that this may occur in all ty^es of infection, especially the 
subtertian, but he thinks that the liability in quartan cases is due to 
insufficient treatment on account of their milder character, and that thus 
they are more liable to relapse into the chronic stage. 

Course <rf ovale tertian malaria. — This type closely resembles the 
benign tertian in its periodicity ; but, generally speaking, the attacks are 
sudden, short and mild, and not accompanied by any grave de^ee of 
anssmia or constitutional disturbances. The rigors, in contradistinction 
to other forms of malaria, are more apt to take place during the evening. 
Rheumatic-like pains in various parts of the body, especially the lumbw 
region, are characteristic, and sometimes pain referred to the appendix 
may suggest appendicitis. Very rarely, more severe types with spleno- 
megaly and anaemia are met, though in these cases a mixed infection with 
subtertian malaria may be suspected. There is usually no excess of 
urobilin in the urine, though it is commonly found in other species of 
malaria infection associated with intense blood destruction. 

Course of subtertian or malignant malaria.— -From the clinician’s 
viewpoint this is the most important form of malaria. It differs from the 
others primarily in the greater toxicity and greater variety of symptoms 
which it may evoke. It may appear in trivial form or rapidly develop 
into a dramatic and rapidly fatal disease. Some generalizations are 
permissible. 

The rigor stage is relatively less marked, the hot stage and the p 3 rrexial 
more prolonged, characterized by tendency to an adynamic condition 
{see p. 66), together with vomiting, intestinal irritation, bone pains, 
anorexia, headache and supraorbital neuralgia. After apparent recovery 
from fever there is a tendency to recrudescence at shorter intervals than 
in benign tertian. Subtertian fevers are accompanied by rapid hsE^molwis 
and toxsemia and succeeded by marked cachexia. The parasites sporulate 
in the internal capillaries and relative blood-stasis ensues, and at any time 
during the course, and especiaUy in primary in/ections, symptoms of the 
gravest character may appear. The tendency for successive paroxjrsrns 
to overlap, or to become subintrant, is marked. When intermissions are 
distinct the crisis is what is called “ a double crisis*' Thus, when the fever 
has attained its apparent fastigium, there is a drop of one or more degrees 
of temperature — a false crisis — followed by a fresh rise which is then 
succeeded by a true crisis. This peculiar phenomenon has been attributed 
to the presence of two swarms of parasites in the blood, one of which 
matures somewhat later than the other ; it occurs ordinarily in one 
other tropical fever ; kala-a^r (Chart 4). Such an infection may therefore 
produce a quotidian typhoid-like temperature chart (Chart 6). Hughes 
and Bomford (1944) pointed out that in milder clinical forms there is 
usually a relative bradycardia. 

Though this fever iriay be justly regarded as dangerous to life, yet it is 
singular that subtertian parasites may exist in the blood for months 
without seriously interfering with health. ' Then an explosion may 
^ur, brought about by exposure or fatigue, with dire results, or* it may 
be, with blackwater fever. Sometimes attention is drawn hi otihet* 
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directions— to oedema of legs, diarrhoea, dyspepsia or some other apparently 
small complaint, quite unconnected with malaria, and these may appear 
in men returning from West Africa in whom the first symptoms oyll-health 
inav be noted after several weeks’ residence in a temperate climate. As 
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Chart 4.— Subtcrtlan fever (i^ fidc^parum). 
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Chart 5. — Quatidlan lever (two feneratlona ofj/*. /o 

tliis parasite is capable of lying dormant for so long a period it is obviously 
iu‘cesHary tliat the blood of every patient from a malarious country should 
X* (examined for subtertian parasites whatever the nature of his complaint, 
helpful sign is th© appearance of urobilinogon in the urine, which 

rtcnibles sherry in colour. ^ i /• 

On the wlmle, though dangerous to life, the subtertian parasites (m the 
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trophozoite or ring form) are more amenable to quinine and atebrin than 
are the benign tertian and, moreover, the lifespan of this species in the 
human bq^j is much shorter, lasting nine months to one year after leaving 
the endemic area of this disease. The clinical forms which subtertian 
malaria may assume are many, so that it may simulate many other 
tropical fevers, even mimickmg surgical conditions. Myal^c types, with 
muscular pains and stifbess, and gastric types, with vomiting and gastro- 
intestinal symptoms, are frequent in the milder forms. In the acute as 
well as in the chronic stage spontaneous and fatal rupture of the spleen 
may take place. 

The Editor has seen several cases of this infection producing dramatic 
symptoms in the absence of demonstrable parasites (after prolonged 
search) in the peripheral blood. 

Bilious remittent. — One type of subtertian fever — bilious remittent 
— ^has long been recognized on account of the bilious vomiting, gastric 
distress, sometimes bilious diarrhoea, sometimes constipation, which 
accompany the recurring exacerbations. It is further distinguished 
by the pronounced icteric or, rather, reddish yellow or saffron tint of skin 
and sclerae — a tint derived, probably, not from absorption of bile as in 
obstructive jaundice, but from modified haemoglobin (serum bilirubin) 
free in the blood or deposited in the skin and sclerotics. Thest) bilious 
remittents are very common in the more highly malarious districts of 
Africa, America, the West Indies, India, and, in fact, in all malarious 
tropical countries. They are not usually dangerous in themselves, but 
they are apt to result in profound anaemia, and are often the prelude to 
chronic malarial saturation, bad health and invaliding. 

A modification of the bilious remittent — the “ typhoid remittent — is very 
much more grave, as affecting life, than the simple bilious remittent. In the 
tjrphoid remittent, typhoid symptoms — such as low delirium, prostration, dry 
tongue, swelling of spleen and liver, subsultus tendinum — are superadded to 
the usual symptom^. Though recovery is the rule, a considerable proportion 
of such attacks prove fataL 

Some writers class by themselves a set of cases they call ''adynamic remittent ” 
— cases which are characterized by restlessness, nervous depression, intense 
muscular and cardiac debility, profound and rapid blood deterioration, icterus, 
liability to syncope, occasionally a tranrient hsemoglobinuria (as was observed 
in some of the Salonika cases), liability to luemorrhages, and a marked tendency 
to local gangrene. 

Tuber^osis, s^hilis, r^ial disease, or alcoholism will often be found as 
factors in determining the adynamic remittent and typhoid remittent types of 
fever. 

Pernicious attacks. — The French neatly designate these accii per^ 
mcieux. They characterize subtertian infections, and may supervene in 
apparently mild cases and carry off the patient with horrifying suddenness 

aa suddenly as an attack of malignant cholera. The wary practitioner 
is always on. the look-out for them, and is always prepared with measures 
to meet them properly when they threaten. Pernicious attacks are apt 
to develop in drug addicts (see p. 49). They are classifiable into : (1) 
$epticiBinic (or ioxsemic) type, accounting for about 80 per oent.f with 
numerous parasites in the blood, death taking place from Isilure • 
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(2) cerebral, accounting for some 55 per cent., ending usually in coma, in 
which, compared with other forms, parasites are usually very scanty in the 
peripheral blood ; (3) algid, with subnormal temperatures and a clinical 
syndrome resembling that of shock, accounting for some 14 per cent., 
and finally (4) renal, with oedema and nephritic signs which, though rare, 
amount to about 1 per cent, of the total. 

Cerebral forms. Hyperpyrexia . — There can be little doubt that 
many of the cases of sudden death from hyperpyrexia and coma usually 
credited to what has been called “ ardent fever or “ heat-apoplexy,” 
are really malarial. If careful inquiry he made into the antecedents, a 
history of mild intermittent fever will often be elicited ; or the patient 
will be found to have lived in some highly malarious locality. 

In the course of what seemed to be an ordinary malarial attack the 
body- temperature, instead of stopping at 104° or 105° F., may continue 
to rise and, passing 107°, rapidly mount to 110° (or even, rarely, to 112°). 
The patient, after a brief state of maniacal or, perhaps, muttering delirium, 
becomes rapidly unconscious, then comatose, and dies within a few hours, 
or perhaps within an hour, of the onset of the pernicious symptoms. 
The skin is hot and burning. Fever sores, (herpes bibialis) are often 
obser\^ed around the lips and mouth. There is an almost distinctive facies. 
The pulse is rapid and dicrotic, and there may be generalized muscular 
twi tellings. Splenic pain may be prominent. At first there is disorientation 
with motor aphasia. Incontinence is usually a dangtTous sign. 

Conia . — Sometimes the patient, without hyperpyrexia (the thermometer 
perhaps not rising above, or even up to, 104°), may lapse into coma. The 
coma may pass away with a crisis of sweating ; on the other hand, an 
asthenic condition may set in and death super\*ene. There is often a 
paralytic squint, extensor plantar response and Cheyne-Stokes respiration. 
When subcortical haemorrhages are present, death usually ensues. There 
is a marked increase of pressure in the cerebro-spinal fluid, with increase of 
lymphocytes up to 400 per c.mm., as w*ell as of albumin and globulin. 
Occasionally, granules of malarial pigment may be found. It is important 
to note that parasites may be very scanty in the peripheral blood and not 
infrequently they are absent altogether. 

Epileptiform attacks . — There has lieen some divergence of opinion 
about the origin of epilepsy following malaria. Mohr tliinks that symptoms 
of meningitis, as the result of damage of brain substance in cerebral 
malaria, may arise, including epileptiform attacks. 

These cerebral attacks depend upon embolism by sporulating subtertian 
fjaraaites in the capillaries of the various nerve centres : in hyperpyrexia, the 
thermic centres are involved ; in aphasia, Broca's convolution. Monoplegia or 
hemiplegk may result from implication of various brain areas. 

Malarial anUtlyopia . — In rare instances a comatose pernicious attack ends 
in blindness. The amblyopia is usually transient, lasting for an hour or two 
^^cly. On the other hand, it may be persistent ; in which case optic neuritis, 
peripapillary esdema, extravasation of leucocytes, plugging of retinal and choroidal 
^’tesols by parasites or pigmented leucocytes, and consequent multiple hasm- 
‘»TThages, may be found In the fundus. The disc itself is rosy or cherry-pink in 
which is considered diagnostic. If the hamorrhages are minute they 
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are discoverable by the microscope only ; on the other hand, large retinal 
hsemorrhages do occasionally occur. There may be blurring of the edges of 
the discs (Appelbaum and Gelfand), and partial atrophy may follow. These 
fundus changes differ from those of quinine amblyopia. In the latter, depending 
on retinal toxic damage, the amblyopia is more persistent ; the (Uses are usually 
white and the vessels shrunken ; central vision is the first to recover (p. 96). 
(In the modem literature of malaria there arc very scant references to the fundus 
chang^. Eaynaud in 1892, in a monograph, described the fundus changes in 
great detail, and de Mussy in 1872 first described retinal h»morrhagee.) 

Other cerebral forms . — Besides these hyperpyretic and comatose con- 
ditions, other forms of cerebral attack may occur in tlie course of malarial 



Fig. 6.— Malarial gratmloma. Brain section showing 
plugging of capllMes of cortex and proliferation of 
glial cells. (Archtv fur Schiffn- ttnd Tropenkygu^ne.) 


fevers. Thus, there may be sudden delirium ending in coma and, perhaps, 
death ; conditions simulating eerebro-spimd meningitu : delusional 
insanity ; dementia ; oeuie uleoholism ; various forms of apoplwrftc-like 
conditions and of paralysis, complicatod, it may be, with aphasia* Seizures 
of this description, if not fatal, may end in pennant psychical disturbances, 
with a tendency to sutcide. Temporary debility, or even complete loss of 
memory, may succeed severe cerebral malarial infection. 

SequeltB . — Focal degenerations of the brain substance, or malarial 
granulomata, may ensue as the result of eral)olism of the cerebral capillaries. 
These lesions may be respfmsibie for various psychical phenomena following 
a cerebral attack. 

Axoip FORMS. — The algid forms of pernicious attack, as indicated by 
tl^ name, are characterized by collapse, extreme coldn^ of the surface 
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of the body, and a tendency to fatal syncope. These symptoms usually 
co-exist with elevated axillary and rectal temperature. 

Gastric form, — This may be associated with, and in a measure be depen- 
dent on, acute catarrhal dyspeptic trouble. It is accompanied by severe 
epigastric distress, tender retracted abdomen, and incessant vomiting. 
The vomited matter may contain blood. 

Choleraic jonn, — Malarial attacks are sometimes accompanied by 
choleraic symptoms. The stools suddenly become loose, profuse, and 
numerous, but generally not so profuse or colourless as the rice-water 
discharge which pours from the patient in true cholera ; they retain a 
certain amount of biliary colouring, and may be mucoid, or even bloody. 
As in cholera, the wmms drain may lead to cramps in the limbs, loss of 
voice, pinched features, “ washerwoman’s fingers,” almost entin^ sup- 
pression of urine, and perhaps to fatal collapse. The high axillary tem- 
perature, if pres(»nt ; a history, maybe, of recent ague fits ; the subsequent 
rapid cessation of choleraic symptoms on the appearance of the hot and 
sw(‘ating stages ; the (x>lour of the stools, and other coUateral circumstances, 
usually suffice for diagnosis, particularly if they are supplemented by 
microscopical examination of the blood. Although not usual, recurrence 
of the choleraic symptoms may take place at the next fever period. This 
dangerous type of malarial fever was noted in Salonika and Palestine 
during the 1914-18 war, and is said to be prevalent in the Punjab. With- 
(ait the microscope its true nature may be hard to recognize. 

Dysenteric forms, — Another form of pernicious attack is characterized 
by the sudden appearance of dysenteric symptoms, by severe and recurring 
ha inatemt‘si8, or by haunorrliage fnmi the lK)w^el or elsewhere. The 
possil)ility of sudden haunorrhago from the bowel being malarial must 
tlK‘reb>re l)e kept in view ; particularly if, in what at first sight appears 
to l>e ordinary dysentery, the axillary tem}>erature is found abnormally 
high. Dysenteric forms are explained as due to blocking of the intestinal 
capillarit‘8 by masses of parasitized cells, with consequent necrosis of the 
mucosa. 

Occasionally, in the Editor’s experience, it has l)een possible to demon- 
strate intracorpuscular subtertian malaria parasites in stained pn^parations 
made from the stool. Arafa described sigmoid oscopic appearances 
in wliich difTuse hyperajmia and swelMng of the mucosa are observed as in 
Inuillary dysentery, and in preparations made from the ulcerated siurface 
he was able to confinn the diagnosis by finding sub tertian crescents in the 
exudate. 

HoettwrrJiagic forms , — As in purpura, so in these pernicious attacks, 
ha rnorrhages may occur in almost any organ. Purpuric hfismorrhages 
into the skin may l)e generally distributed over the b()dy ; they may be 
dia^iosinl by skin biopsy, and demonstration of the parasites in the 
<*Hpillarie8. They are rare, and am commonly associated with better- 
known phenomena of malaria. 

(Edema, — General anasarca with cliroiiic subtortian malaria has been 
noted in debilitated subjects as, for instance, in war refujgees in Greece and 
in the great Ceylon epidemic of 1984. Wickramasuriya recorded it in 
40 per cent, of 867 cases specially investigated in pregnant native women. 
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It is by no means infrequent in therapeutic malaria (Kopp) and has 
been r^rded as due to marked reduction of the plasma proteins. (Edema 
sometimes disappears on quinine treatment. 

Syncopal form , — In the preceding types of pernicious al^d malarial 
attack the dangerous symptoms mostly show themselves in the rigor 
stage of the fever. There is another form in which the danger appears 
to depend on an exaggeration of the symptoms usually hailed as bringing 
relief and, for the time, freedom from danger. Thus the sweating of the 
stage of defervescence may be excessive and cause collapse which, if the 
patient rise up suddenly or make an undue effort, may lead to fatal syncope. 
Weak and cachectic patients, therefore, should be warned of this possibility. 
Death from sudden cardiac failure is common in pernicious fonus of 
subtertiau malaria, and is due to toxic fatty degeneration of the myocar- 
dium (Dudgeon and Clarke). 

Acute hceniolytic anaemia , — There is a rapidly developing and pro- 
gressive anaemia in the fourth or fifth week of a primaiy^ subtertian attack, 
only comparable to that seen in the most advanced stages of pernicious 
anaemia. These cases are characterized by great pallor of mucous mem- 
branes and conjunctivae, cardiac distress, dyspnoea, hffimic inunnurs, 
and retinal haemorrhages ; the blood-picture by a blood-count of under 
1,000,0()0, extreme leucopenia, a reduction of haemoglobin to 10 per cent, 
or under, and macrocytes and megaloblasts iii the blood. The pathology 
of these conditions indicates the haemolytic nature of the malaria toxin 
and its action upon the bone-marrow, which shows megaloblastic response. 
In consequence of the bone-marrow^ changes and the inhibition of leucocyte 
jiroduction, sufferers from subtertian malaria are es|>ecially susceptible ti) 
secondary infections. 

Rarer clinical forma of subtertiau malaria. — Pulmonary forms 
have been described, with congestion of the pulmonari' vessels, bronchitic 
symptoms or even oedema of the lungs. Hare cases with rapidly develop- 
ing anasarca and ascites were observ^ed in ^facedonia and in Palestine 
during the 1914-18 war ; and, cedematous forms with nephritic signs, 
such as blood-cells in the urine, have been noted. Disturbances in Uie 
vaso-motor mechanism, as in Raynaud’s disease, have betjn recorded, and 
occasionally gangrene of the toes and fingers, as in a particularly virulent 
outbreak in Azerbaijan, reported by Sliirokorogorov (1985) which was due 
to thrombosis of venules and changes in the walls of the arterioles. 

Orchitis in the course of a malarial attack may hi* due .to aggiomiiieration 
of parasites in the testes (Slayer and Bastillo). 

Practical experience of ibest^ suddenly developed {)eniicious fevers of 
the tiopics t^hes the physician never to make light of any iiialariai attack, 
particul^ly if it ^ of a mild irregular character and impt?rfectly controlled 
by quinine, and if small ring forms or crescents be present in the blood ; 
he should be on the alert for any danger sijpiab— mental aberraiion, 
restlessness, tremor, peculiarity in l^haviour, alteration in knee reflexes ^ 
and other indications of grave implication of the nervous system. It 
further teaches that the subjects of such fevers should be partictilariy 
careful to guard against chills and fatigue. 
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Malaria in pregnancy. — Pernicious symptoms are apt to develop in 
pregnant women infected with Plasmodium Jalciparum, Cerebral mani- 
festations in late pregnancy arising unexpectedly, without any previous 
malarial history, may cause serious diagnostic difficulties. The majority 
are diagnosed as eclampsia. The epileptiform attack in pregnancy is V>etter 
termed “ eclamptic.” A lucid interval is very likely to follow intravenous 
quinine therapy and is apt to lead the inexperienced physician astray. 

“ Latent ” malaria tends to persist through pregnancy, to become active 
during parturition or lactation. Wickramasuriya, who has adequately 
surveyed this subject, finds that malaria can modify the course of 
pregnancy by spontaneous interruption before term ; indeed, malaria 
per se is a far- more pote*nt oxytocic than any drug, especially in the ill- 
nourished who are also suffering from ancylostomiasis. Intra-uterine 
death of the foetus is fairly frequent, whilst clinical and pathological 
evidence points to malaria as a powerful predisposing factor in the tox- 
apmias of pregnancy, such as pre-eclampsia, eclampsia, and “ nephritic ” 
toxaemia. In subtertian malaria, albuminuria and mdema of renal origin 
appear. Hypertension, that most important criterion of pregnancy 
toxtemia, is often noted. Greater dangers are to be expected when the 
disease occurs in the later than in the earlier months of pregnancy. 

Malaria after operation. — Latent malaria is often brought out by 
operations and is a definite factor in retarding post-operative recovery ; 
it may delay wound healing, and show itself only as a tertian, or perhaps 
a quartan, |)eriodioity with a remittent temperature, parasites being so 
scanty in the bkod as to l)e easily missed. A Russian author has recently 
(juoted a case in which skin autografts persistently refused to take until 
the patient was thoroughly treated for malaria. A malarial relapse 
may take place after any surgical operation, or after parturition, or shock 
or strain of any description. Surgeons in the tropics would do well to bear 
tlu^e facts constantly in mind. 

Malaria in small children. — Malaria. esp(‘cially subitTliaii, is a 
much more severe disease* in children than in adults. Benign tertian 
malaria frequently produces the most alarming symptoms in babies, 
but it is not nt*ce88arily very severe and is easily controlled ; but sub- 
tertian malaria is especially likely to assume the cerebral form, and must 
always be regarded seriously. ^ 

Complications. — Subtertian malaria may complicate, or be complicaUHl 
by, abnost any other disease : a common and very fatal terminal event is 
I)n(‘umonia, either lobar or broncho-pneumonic ; this was noticeable in 
the influenza epidemic of 1918. Enteric greatly complicates the clinical 
picture, as do the main fonns of dysentery. Pulmonary tuberculosis 
is very likely to supervene in cachectic cases. 

A phenomenon occasionally observed in pernicious attacks^ especially 
in those of an algid type, is flooding of the peripheral blood with vast 
numbers of parasites, which may be at all stages of development — 
gametoeytes as well as schizonts. The prognosis in such cases is usually 
On the other hand this may occasionally occur in an attack of 
average severity. 

The chief and most dramatic sequel is undoubtedly blachoaler fever. 
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BLACKWATER FEVER 

S3monyins .-^Malarial HeBmoglobiniiria ; HtBitioglobiiiuric Fever. 

Definition. — The disease consists of an acute h^niolysis of the red 
blood-corpuscles, which liberates the hemoglobin into the bloodstream, 
and in turn produces hemoglobinuria. It may be considered as an 
exaggerated form of subtertian malaria. There are certain points of 
analogy between it and 'paro^tysmal Immoghhinuria. 

Geographical distribution. — 'fhe disease is undoubtedly most 
prevalent in Europeans on the West Coast of Africa, from Senegal to the 
Quanza, but principally on the Congo and in the deltas of the Niger and 
Gambia rivers. On the East Coast it is also wides})read, especially along 
the Zambesi, the lower Shire, and the shores of Lake Nyasa. It is far from 
uncommon on the Upper Niger, in British East Africa (including Tan- 
ganyika Territory), in Uganda, in Northern and Southern Rhodesia, in 
Abyssinia, in the valley of the l-pper Nile and in Algt*ria. It is also 
common in some parts of ^fadagascar. 

In America it is found, but not so extensively as formerly, over the 
Southern States of the Union, chiefly P’lorida, Cleorgia, Alabama. Mississippi 
Arkansas, and Texas ; but it has also bt*en prevalent in North Carolina 
and Virginia. It is found, too, in Central America ; in the (iuianas ; on 
the Upper Amazon and N.E. Brazil : in the plains of Vtme/Jiela ; and in 
the West Indies ; but it has disappeared from the Canal Zone since the 
introduction of anti-malaria measures. 

In Europe it is restricted to Bulgaria, Macedonia, when* it is very 
common, Albania, Greece, Sicily, and Sanlinia. A few casi^s have be4*n 
recorded in Central Italy. 

In Asia it is reported from Pah*stine, espK’ially the Jordan valley, 
from Tonquin, the Malay Peninsula, Fi^rmosti, from India, particularly 
Bihar, Assam, Darjeeling, the Terai, I)(H)ars, M*H»rut. and Amritsar, from 
Burma and Northeni Siam, and from the province of Yunnan, China. 
It oc<nir8 in many of the malarious islands — (*.g., Java — of the Kastem 
Archipelago ; also in New Guinea and the Solomons. 

Blackwater fever is not uncommon in England in individuals who have 
been mfected with subtertian malaria in \\ mt Africa and other highly 
malarious countries: It is apt to break out after exjiosure to cold or 
over-dosage with alcohol or quinine, as long as eight montlis after arrival 
in a temperate climate. Such cases are, as a rule, acut(s and the mortality* 
rate is 50 per cent, or even higher. 

Epidemiology. At tim<*s blackwaU*r fev(*r apja^ars to assume an 
epidemic fonn. It may not be seen for ymn in a district, and then 
numbers of cases may occur within a short time. Very often, as in yellow 
fever, the magmtude of an “ epidemic *’ may depend on the number of 
sus^ptible persons—new arrivals, it may l>e other than Europeans— 
wthm the endemic region ; as, for instance, Bengali clerks in the Puiriab, 
Egyp^s m the Sudan, Chmese imported into British Guiana, negroes 
m Pan^a, and Central African natives from malaria-free highlands who 
^ malarial foothills or plains. ITius it broke out among 
the labourers employed in making the canal throu^ the Isthmui of 
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Corinth, and attacked the Chinese labourers on the Congo Railway. It is 
rt^corded that more than 60 per cent, of the European medical casualties 
in the German East African force under von Lettow (1914-1918) were 
due to blackwater fever. 

Jllack water is comparatively rare in West' African negroes, but now it 
is as frequent in Arabs and Hindoos as in Europeans. Reyntjens, and also 
('besterman, emphasized that, under normal conditions, the negro child, 
during its first year of life, escapes blackwater though it frequently dies 
of malaria. When, however, it is protected against the effects of malaria 
by quiniiiization, it may become susceptible to blackwater. 

The occurrence of several C4i8es in the same family may not be pure 
coincidence, hut is probably (explained by exposure to a common factor. 
This has giviui rise to the term ** blackwater-fever houses ’’ in certain 
districts, esp(»cially in Rhodesia, but, when investigated, these prove to 
1 h‘ bungalows with exceptionally bad surroundings, and highly malarious. 
In British (iuiana (liglioli has observed the saint* tendency for blackwater 
to occur as a family or house disease, and to appear in a given locality at 
a|)proximately the same period. 

/Etiology. — The aetiology of blackwater fever has been the subject of 
considerable controversy, much of which is now a matt«*r of history. At 
prt'sent it is gt^ntTally recognized to be the result of rt*pt*ated attacks of, 
or continuous inftH?tion with, subtertian malaria. 

Malaria iheori /, — It has l)een observcnl ‘that, although blackwater fever is 
co-endf'mic with malaria in several regions, it is not so in all parts of the world. 
It 1ms its own [KH'uliar distribution, lH*ing absent or very rare in many fever- 
haunUd plac«^s. It is common among the Europeans who live in West Africa, 
and it is also met with in East Africa, though to a lesser extent ; but it is pme- 
tically unknown among the many thouaaiuis of Englishmen who live in some of 
the fever haunts of India and eliic»where, and it is comi>arativcly frequent in 
malaria- infected individuals shortly after their arrival in a tt*in|)erate climate from 
t he tropics. To Decks and James in Panama must be given the 'credit of definitely 
ansoeiating the subtertian malaria jmrosite with blackwater fever and of success- 
fully demonstrating that measures devised for suppressing malaria are singularly 
cflicient in oxtirpatitig blackwater fever. 

The production by 8. P. James of blac^kwater fever in paralytic subjects 
artificially inoculated with certain strains of subtertian malaria, and the analogous 
effects brought about by massive infection of monkeys {Macaco) injected mth 
Plasmodium /enmdesi, have shed a new light on this subject. 

In therapeutic malaria no case of blackwater has ever been observed in 
association with /*. vtvax infection, but solely with P, falciparum. 

Quinine and other drugs. — One stumbling-block in understanding the true 
mechanism of blackwater fever is the influence of quinine and other drugs' in 
f’auHing hfismolysis. Quinine in healthy persons, even in poisonous doses, rarely 
produces manifestations of blackwater fever. Two such cases have been reported 
hi patients with an idiosyncrasy to quinine by Terplan and Javert (1936) and 
again by Vartan and Discombe (1940), Both these were women who took 
h^rge doses (76 gr.) of quinine as al^riifadents. Fatal hiemoglobinuria resulted, 
with pathologic appearances of true blackwater fever. Metbssmoglohin was 
uernonstrated in the urine. Neither patient had ever been exposed to malarial 
infection. In susoeptible normal indidduals quinine, In small doses, may produce 
orLl.!r[ hsvQ dsmotistnited that h»moglobtiiaris rosomblUig blaokwatsr tuny be tbo mult 
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a transient hfiemoglobinuria, as in the instanoes cited by Manson, Thomson and 
Macmillan. But trae blaokwater fever occurs in native races to whom quinine 
is quite unknown ; and, indeed, it was recognised by Hippocrates long before the 
introduction of cinchona bark. Thus, Connal in Nigeria recorded 24 cases of 
severe blackwater in negroes who had never taken quinine, and demonstrated 
from death-rates that regular quinine takers were less liable to a fatal blackwater 
attack than those who took this drug irregularly. 

Many observers, especially Thomson in Rhodesia, have shown that certain 
malaria-infected individuals are specially liable to mild blackwater attacks after 
even small doses of quinine. Miihlens and Knabe published a case of extra- 
ordinary quinine susceptibility in a young patient from West Africa in whom less 
than gr. 1 quinine-urethane invariably produced blackwater. Fairley and 
Murgatroyd cited another instance of a double infection with P. falciparum 
and P, vivax where a similar susceptibility to quinine was noted, but later, when 
the malaria infection had disappeared, the dnig, even in large doses, had no 
similar action and there was no evidence of cutaneous susceptibility to quinine. 

Blackwater fever has been known to follow the administration to malarial 
patients of plasmoquine and also of atebrin, in the experience of the Editor and 
that of Foy and Kondi ; but such a sequence is somewhat excxjptional. Thus, 
it becomes evident that any drug of value in the extirjiation of subtertian malaria 
parasites may predispose to blackwater fever, but it is not the only factor. 

This statement receives some support from the experiments m vUro by Mer, 
Bimbaum and KJigler (1941), who have shown that taking of red blood corpuscles 
by bile and bile salts is enhanced by quinine and plasmoquine. 

Mechanism of haemolysis. — Liberation of bfeinoglobin~h»moglobin»mia — 
takes place, and can readily be demonstrated if the blood -scrum is examined 
the moment the attack occurs ; probably by the time haemoglobin appears in the 
urine a large proportion of the r^ blood corpuscles lias already been destroyed. 
The haemoglobin, some of which has been converted into methiemoglobin, is 
then excreted by the kidney and forms the typical cylindrical plugs in the renal 
tubules, which represent coagulation of highly albuminous hiemogiobin -contain- 
ing exudate. This former explanation of anuria in blackwater is not altogether 
acceptable to recent workers. Yuile (1942), on physiological grounds, suggested 
that some primary damage of the epithelium of the convoluted tubules is con- 
cerned in elimination of free hsemoglobin, whilst Foy and others (1943), com- 
paring the anuria which may accompany various forms of intravascular 
tomolyses, concluded that it results directly from dehydration, diminished blood 
vdume and consequently from diminished glomerular filtration. Hsemolysis is 
rafndly followed by the appearance of bilirubin and methiemalbumin {paeudomH‘ 
hixmoglobin) in the blo^-stream, and tbw accounts for the charactoristio 
saffron-tinted icterus. At the onset of blackwater fever there is usually a sudden 
contrsefaon of the spleen, and probably fasemolysins are thereby set free into the 
circulation, but the question still remains to be answered:- -what pulls the trigger T 

Efforts to demonstrate this fretor have hitherto proved in vain. Poy and 
Kondi (1941) injected the hieniolysing blood of blackwater fever into a recipient 
who did not develop blackwater or any signs of bemolysis, although be sub- 
sequently developed subtertiah malaria. 

An important fact has recently been demonstrated by Maegraitb, Findlay and 
Martin (1943). They found that human tissues contain a lytic agent wUob 
is inhibited by normal sera. This latter factor is reduced during the bjwnolytlo 
crisis of blackwater. As an explanation of this increased hiemolysis it Is snggssted 
that the activity of the inhibitary factor has disturbed the balance of the lytic 
agent and inhibitor to the lytic side. 
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Modern opinion rather tends to the idea that the essential process represents 
an anaphylactic reaction from repeated sensitization to the toxins of the sub- 
tertian parasite. Thus, Foy and Kondi, during their five years* experience in 
Macedonia, found a definite relationship between the number of malaria cases 
in one year and the number of cases of blackwater in an already sensitized popu- 
lation, but no such correlation in an umensUized population. The more the bio- 
chemistry of blackwater has been studied the more abundantly evident has it 
become that it represents an accelerated and exaggerated form of subtertian 
malaria. Thus, Kingsbury demonstrated that in 90 per cent, of uncomplicated 
subtertian malarias the serum bilirubin is above the normal figure (0*5 mgm. per 
c^imt.) and consequently urobilinogen in pathological amounts is found in the 
urine. 

This excess of bilirubin is excreted by the liver, resulting in an increased flow 
of bile and bilious vomiting. Normally, in subtertian malaria there is actuaUy 
hajmoglobinaDinia. but this is immediately dealt with by the reticulo-endotheUum, 
but in blackwater haemolysis is so excessive that the renal threshold for haemo- 
globin is broken down and this pigment appears in the urine. 

It is important to realize that, even when hasmoglobinuria occurs, most of the 
haemoglobin is broken up by the usual mechanism and only a relatively small 
proportion — 17 to 3(1 |jer cent. — is excreted in the urine. According to Pearce, 
before the kidney will excrete haemoglobin the blood plasma must contain at one 
time more than 0*0(5 grm. of free haemoglobin per kilo, body-weight. This 
represents about 17 c.c. of lakcni blood -corpuscles, so that it is possible to have 
hamoglobinaemia without hiemoglobinuria. The renal threshold for free haemo- 
globin lies between 37 and 102 mgm., per 100 c.c. of plasma ; in amounts greater 
than this haemogbbinuria is produced (Fairley). In blackwater there is firstly 
haemolysis of the corpuscle and, secondly, conversion of oxyhaemoglobin into 
nicthieraoglobin and methasmalbumin. These facts make it improbable that the 
cause is a true haemolysin or direct drug effect on the corpuscle. (Mctlusmoglobin 
and sulphaenioglobin are examples of itUrac^puscular conversion of haemoglobin 
by drug action.) 

MeUnpm/ftUmmin (formerly known as paeiidoinet haemoglobin), the new pigment 
dcHcribed by Fairley and Bromfield in blackwater, is a brownish pigment 
n*»tunbling methiemoglobin spectroscopically, but is not reduced by Stokes’s 
reagent or ammonium sulphide. Being a non threshold substance it never 
appeart. in the urine. The spectrum has the general appearance of methaemoglo- 
bin with the. bands shifted. Although it does not reduce with Stokes's reagent 
this pigment contains a tri valent iron molecule. 

The methcemoglobm which has hitherto been desoribi^ in the plasma of 
diseases associa^ with intravas<!ular haamolysis and hiemoglobinuria is 
mthrtimlbumin. This error has arisen through failure to differentiate between 
mcthasmoglobin and methsemalbumin, though this latter pigment Js produced 
in all conditions of profound hiemolysis. The production of methiemalbumin is 
ttpimrcntly brought, about by hsamatin (feirio) in plasma by union with serum 
albumin. The pigment can be synthedzed in vitro by the addition of alkaline 
Iwcmatin (ferric), prepared from pure iusmiii, to human and simian plasma at 
n (\, but this does not take place with plasma of opher animals. Methmmalbumin 
therefore a definite ohet^oal compound consisting of a prosthetic group, 
"xidized luematin, and a protein — ^natural semm albumin. 

Sehlumra first demonstrated hmnaiin in human serum, and it gives a 
}‘< ^'trum similar to that of methmmc^lobln. Hematinuria has been found in a 
' Tics of pathological conditions, such as after potassium chlorate or dinitrobensol, 
nd in homolytio conditions such as pernicious ans&mia, paroxysmal hiemoglo- 
wid also malaria. 
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The hsemolytic agent in blaokwater fever may be preaent in varying quantities 
in different cases, and at different stages of the same case. Other features are a 
definite decrease in the plasma bicarbonate and a definite lowering in the alkali 
reserve in association with urea retention. When clinical evidence of acidosis 
develops it indicates alkaline medication. This acidosis may appear in the 
absence of oliguria and ketonuria. 

The mecha^m of excretion of h^emc^lobin products by the kidney has been a 
matter of controversy. Yuile considered that the presence of granules of hemo- 
globin, or its iron-containing breakdown products in the epithelium of convoluted 
tubules, following injection of h®moglobin, indicates that this portion of the kidney 
plays a part in the process of h®moglobin elimination. Whether this tubul^ 
activity is one of excretion or re-absorption, it is agreed that hsemoglobin 
escapes through the glomerulus, but there is little agreement on the manner 
in which it does so. 

From the clinical aspect estimation of blood urea is important. The amount 
is invariably raised, especially in cases threatened with suppression of urine. 
Yorke, Murgatroyd and Owen have demonstrated that the blood urea commonly 
rises in uncomplicated cases to 65 mgm. per cent, on the fourth day of th e disease. 
(There is a similar rise in severe toxic subtertian malaria.) In one of the 
Editor's oases of blackwater a figure of 207 mgm. was recorded, with ultimate 
recovery. 

The mechanism of other hiemoglobinuriaa has been studied. In paroxysmal 
haemoglobinuria, if the blood be withdrawn and the serum separated, then cooled 
to freezing-point, and subsequently warmed to 37" (’. with the addition of the 
patient's erythrocytes, active hfemolysis takes place. This does not occur in 
blackwater-fever cases. The test by which this fact is brought out is known as 
Yorke’s autol^'tic reaction.* 

Donath and Landsteiner have shown that in this disi^ase hfemolysis takes plat*e 
in the peripheral blood, and that cold is the exciting caus<\ 

The theoretical considerations which underlie this reaction are complicated, 
and concern the mechanism of immunity, the proportion of immune lK>dy and 
complement. In the serum of paroxysmal hemoglobinuria the immune body 
is greatly in excess of the complement, whereas in blackwater fever the reverse 
obtains. 

Dacie, Israels and Wilkinson have drawn attention to paroxysmal h«mo- 
giobinuria of the Marchiafava type, the chief characteristics of which consist 
of chronic bsemolytic anaemia, associated with jaundice, and persistent hscmoglo- 
binssmia. AutohsemolysiB was demonstrated in vitro and shown to bo dependent 
on Uie pH of the system. It has been shown that it is a nocturnal hosmoglo- 
binuria, and that the urine is clear by day. The pigment is found to be 
methaemoglobin. 

Favism in Greece and Sardinia is a syndrome which may be confused with black- 
water fever ; hism^lobinuria develops after eating broad beans ( Vieia Java) (Foy 
and Kondi). Similar cases have now been described in the United States, Italy, 
Sicily and Palestine* This is probably an allergic manifestation. 

Predisposing causes. — Individuals of all agifs and both sexes are 
liable, but from the facts already put forward it is obvious that blackwater 
occurs more frequently in European men of mature years who live in the 
countries where the disease is endemic. At one time race was considered 
an important factor. In Africa, Europeans, Indians, and Chinese are 

aohiemolyil*. (t) Swum si 0* 0* for 
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attacked, while the natives usually enjoy a relative immunity : this is 
probably not racial but an active immunity acquired by infection with 
Hubtertian malaria during childhood, though negroes who live in places 
which are free from this disease develop blackwater fever as readily as 
pjuropeans, if they are exposed to the same conditions. Plehn mentioned 
serious outbreaks among natives on the Cameroon mountains, those who 
come to the coast from the interior being especially attacked. 

Other predisposing causes are debility from previous illneds, bad food, 
liardships of all kinds, dysentery, etc. It has been stated again and again 
that Europeans are rarely attacked within the first year of residence in a 
blackwater-fever country, though cases have been reported after so short a 
residence as three or four months, and exceptional attacks may develop 
ill those who have not previously shown definite symptoms of malaria. 
Comparable is the dramatic occurrence of blackwater fever in apparently 
healthy persons who have arrived in England at the expiration of their 
duty, or on leave. As often as not, the patient gives no previous history 
of fever while in residence in the tropics. The explanation seems to be 
that the subtertian infetrtion is lying latent until aroused by the exposure 
to cold, alcohol, or some other factor. 

The disease observes a rough seasonal incidence ; it is specially frequent 
in late summer ami autumn in the southern states of America. On the 
West Coast of Africa it seems to l)e most prevalent at the close of the rainy 
season, or in August and Septemln^r ; in Central Africa and Nyasaland, 
(‘sp«‘cially in the highlands, a maximal incidence is seen during the wettest 
months. May to August, when the lowest temperatures are registered. 
In Southern Rhodesia, wherti the hot rainy season and the dry cold season 
ur(‘ sharply definni, the malarial incidence incnuises after the rains in 
April ; that of blackwater fever iimm^iately rises also, and is maintained 
from March to July. I hiring the 1914-18 war. in Salonika and Palestine, 
cases occurred among the troops especially during the cold winter months. 

Symptoms. — It is doubtful whether an incubation period can be des- 
cribed in blackwater fever, but in Central Africa an attack has been noted 
<‘ight days after exposure to malaria, and Arkwright and Leppt^r, in their 
>orH*s of cases, state that the maximal interval la*twtHm the first recognized 
attack of malaria and the first attack of blackwater fever was ten years 
ill om^ case), and the minimal perio<l fifty days. 

Somt* clinicians recognize a clinical condition which, for want of a 

• “ 1 1 er tenn, may Ix' described as a jtrc-hlaehmter stale, indicating a suspicion 
Hiat blackwater is imminent, and it is wise to l>e on the l(x)k-out for the 

allowing clinical signs : The patient is one w'ho has passed through several 
attacks of fever, or at any rate has been infected with the subtertian 
‘ anisite for several months. The complexion is sallow, the conjunctiva 
' the liver enlatged, congested and tender, the tongue furred, the 
i generally enlarged, and constipation is the rule. There is usually 
; ' i nistent headache. The urine is dark, owing to the excretion of increased 
iitountg of urobilinogen, and contains a slight amount of albumin. On 
Miinining the blood, scanty ring-forms of the parasite may be found, 

* it is a noteworthy fact that cases of subtertian malaria with high fever 
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and large numbers of parasites in the peripheral blood do not, as a rule, 
develop blackwater. 

The onset of blackwater fever is usually sudden. A slight or, more 
generally, a very severe rigor is followed by intermitting, remitting, or 
irregular fever with marked bilious symptoms. The pyrexia and rigors 
do not seem to be the effects of the malaria parasites as much as of a 
sudden hberation of the products of hsemolysis ; in other words, resembling 
a hasmociasib crisis or ** protein shock/' Earlier or later in the attack, 
usually during rigor, the patient becomes conscious of aching pain — 
perhaps severe — in the loins, in the region of the liver and spleen, which 
are enlarged And palpable, and over the bladder. In exceptional instances 
these local pains are absent. In response to a somewhat urgent desire he 
passes water, when he is astonished to see that his urine has become very 
dark in colour, perhaps malaga-coloured, or possibly almost black. The 
fever continues, though it is not necessarily very high. Very likely he 
suffers from epigastric pain and distress, bilious vomiting to an unusual 
extent and, it may be, bilious diarrhoea ; or he may bo constipated. The 
pain in the loins and the liver-ache continue, and the urine becomes darker 
and darker. By and by he breaks into a profuse sweat, and the fever 
gradually subsides. The urine, winch hitherto may have been somewhat 
scanty, now flows freely ; and after passing through various paling shades, 
from dark brown to sherry red, becomes natural. Usually, and coin- 
cidently with the appearance of the dark colour in the urine, or even 
before this, the skin and scler® rapidly acquire a deep Haffnm-yellow tint. 
This icteric condition persists and even deepens daring the progress of the 
fever, continuing to a striking feature for several days. \Vlien the 
fever subsides the patient is conscious of a feeling of intense weakness, 
from w'hich he recovers but slowly. Fever, with or without rigor, may 
recur next day, or for several days ; or it may cease ; or it may be remit- 
tent, or almost continued, in type. The haemoglobin uria may recur with 
each rise of temperature, or there may be only one or two outbursts ; it 
may continue for an hour or two only ; or it may p4*rsist off and on for 
several days or even weeks. 

In the more severe form of blackwater there is usually a very great 
amount of bilious vomiting, of intense epigastric distrtjss, and of severe 
liver- and loin- ache. The urine may continue copious and very dark , 
or, contmuing hffimoglobinous, it may gradually get more and more scanty, 
acquiring a gummy consistency, a few drops only l>eing passed at a time. 
It is considered that the kidneys may excrete up to 86 i>er cent, of the 
total haemoglobin in the blood, though this by no means represents the 
total amount liberated in many cases. Finally, urinary excretion may 
be completely suppressed ^ 

In severe cases death is the rule. It ap}>ears to be brought about in 
one of three or four ways. The fever may assume the typno^adynamio 
type ; or sudden cerebral, hj^rpyrexial, or algid symptoms may supm^- 
vene. Hiccough is a fatal sign. In other cmm the symptoms may be 
Eke those consequent on sudden and profuse hiemorrhago--jactitation, 
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sweating, sighing, S3mcope. Death may take place from sudden heart- 
failure after slight exertion, or from exhaustion consequent upon cyclical 
vomiting, or from sudden h»morrh^e from stomach or bowel. Or it 
may be that suppression of urine, persisting for several days, terminates, 
as cases of suppression usually do, in^suddpn Syncope, or convulsions and 
coma. In very acute cases death may be due to focal necrosis of the 
liver. More rarely, nephritis may ensue and the patient die from uraemia 
three or four wt>eks after all signs of haemoglobinuria and fever have 
disappeared, or he may succumb to some superimposed infection, strep- 
tococcal, septicaunic, or pneumonic. One attack of blackwater appears 
to pmdispose the individual to a second, and second attacks, or more than 
t wo, have been noted in Nigeria in about 20 per cent, of cases ; according 
to Stephens, sixteen is the largest number recorded. It is necessary to 
lay sjxH’ial stress on tlu^ points, for when a man has suffered and recovered 
from two attacks, the third is generally iatal. 

Blackwater fever is higlily dangerous to pregnant women, during 
parturition or during the puerperium. Particular care should always 
i)e taken to guard them from malaria in these circumstances, especially 
in districts in wliich the subtertian panvsite is most prevalent. Their 
hlood should 1 h* frequently examined and they should take prophylactic 
( (mrses of atidjrin from time to time. Thomas and Miller relate a remark- 
able case of blackwater during pregnancy at the thirtieth week with 
deliver}^ of a dead fadus in the middle of the attack. The patient’s life 
was saved by rt»peated bhxHl and drip transfusions, and the case was still 
further complicated by a severe attack of BacL coli pyelitis. Foy and 
Kondi have examined a premature fietus bom of a w»oman who died of 
blackwater fever. No trace of inethajmoglobin, malaria parasites, or 
pigment was found in the l)lt)od, though the maternal placental spaces 
were crowded wdth schizonts of P, falciparum, 

Sequelw, -Antemia and debility are the common sequels of a blackwater- 
fever attack, but usually, under hygienic conditions, the recovery is 
astoundingly rapid. A curious sequel is cholelithiasis, owing to the 
formation of pigmenttHl biliary calculi fnmi inspissation of bile in the gall- 
bladder. K. 1). Fairley originally drew attention to this phenomenon 
in a case in Australia, and the Editor has since seen two cases in which this 
NNHs noted three weeks after the cessation of blackwaU*r, and pigmented 
calculi were demonstrated at operation. 

^ienerally the haemolysis of blackwater destroys all the parasites cir- 

• ’ilating in the blood, but occasionally some may escape anJi produce 
attacks of fever during convalescence. Exceptionally they may be found 
tn the bloodstream during the blackwater attack and then are apt to 

* ‘mcide with recrudescence of haemolysis. 

T/w wn'm?.— If the characteristic dark- brown, generally acid, urine of a 
b ' inoglobinuric case be stood for some time in a urine glass, it will separate 
' b» two well-marked layers; an upper of a clear, though very dark, 
’ ' ^“wirie tint, and a lower— perhaps amounting to one-half or one-third 
' <bo entire bulk — of a somewhat brownish-giey sediment in which an 
‘ *nnou8 number of hyaline and hiempglobin tube-oasts are found, 
r other with a large quantity of brownish granular material. Epithelium 
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is also found. Blood-corpuscles may be entirely absent, or few. With 
the haemoglobin there is also an escape of the serum albumin of the blood, 
for the urine, in many oases, turns almost solid on boiling. The pre- 
cipitated albumin carries down with it, as it subsides, the dissolved and 
suspended haemoglobin, leaving a pale-yellow supernatant urine. For 
some days after the urine has regained a normal appearance it will still 
contain dbumin, though in gradually diminishing amount. Spectroscopic 
examination gives the characteristic bands of oxyhieinoglobin, as well as 
those of methaemoglobin. The appearance of oxyhaemoglobin is usual in 
very severe or fatal cases, methaemoglobin in the less severe or mild, in 
which the prognosis is more favourable. After the disappearance of the 
blood-pigments, urobilinogen may be demonstrated in pathological 
amounts and sometimes bilirubin. 

Eye eomplicaticms , — HaBmorrhages into the retina sometimes occur 
during the course of blackwater, and the Editor has seen one case of 
altitudinal hemianopia 'where there was total blindness in the lower half of 
the visual field. 

MORTALITY ANI) OTHER SEQUEL.E OF MALARIA AND BLACK- 

WATER 

Mortality of blackwater. — This varies greatly in the same and 
in different places, and under the same treatment. Borne cas<*s are so 
mild and transient, amounting, perhaps, to a single emission of h®moglo- 
binous urine, \iith little or no fever, that they are unattended with risk ; 
on the other hand, a practitioner may encounter a run of severe casern 
which nearly all die. Some old residents in Africa have passed through 
ten or more attacks with impunity. In Southern Nigeria and in .\lgeria 
the case-mortality has been as high as 50 per cent., but, as a general 
average, it may be put down as about 25 |>er cent. 

Other seQuelse of malaria. — The term malarial eaeJwxia is applied to 
a group of conditions, more or less clironic, believed to he the result of an 
antecedent attack of severe malarial fever, or of a succession of such 
attacks, or of prolonged exposure to malarial influences. 

The leading symptoms are those of amemia, characterized by [)eculiar 
^llowness of the skin, yellow sclerotics, enlargement of the spleen and, 
it may be, of the liver. As a rule, the subj«K!ts of cui^hexia are liable to 
frequent and irregular attacks of fever, though in highly malarious 
countries it is not unusual to see eases in wiiich fever has never been a 
feature, or it may have been very mild. Li such countries a large pro- 
portion of the population have enormously enlarged splt^ns, causing great 
protrusion of the abdomen, together with much emaciation and dry, rough 
skins. It is said that in some intensely malarial countries children are 
0 (»^tonally bom with enlarged spleens ; in some instance they are 
infected throi^h the mother in uiero, but it is probable that in most oases 
they become inoculated with parasites immediately after birth. 

general ^owth of the body is stunted, and puberty 
mtarded. Abortion and sterility are common effects of malarial cachexia 
in adults. 

Cardiac changes in fnalaria * — Choked capillaries ca us e iiij.ttiy to 
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endothelium and absorption of malaria toxins with malnutrition of muscular 
tissue and multiple small necroses. Permanent injury may ensue, and 
the electrocardiogram may disclose dilatation, extrasystoles and irregular 
action of the auricles. 

The spleen may become so enlarged under repeated attacks of the congestion 
attending a succession of fever fits, or in consequence of a less active and perhaps 
foverless hiemolysifi, that it may oome to weigh many pounds, and be palpable 
over a large part of the abdomen. 

Estimation of malarial prevalence. — The relative absence or 
prevalence of these enlarged spleens or “ ague cakes in the native 
population is a rough indication of the malarial risk in any particular 
district. Wherever they are common the district is malarious, and there- 
fore mihealthy, perhaps to Europeans deadly, and should be looked upon 
as extremely unfavourable for camping or residential purposes. 

Another practical point is that these enlarged spleens are easily ruptured 
by a blow on the beUy ; this fact must be remembered in administering 
even mild corporal punishment to natives of malarious countries. Splenic 
ruptures are, of course, generally fatal, unless immediately operated on. 
Occasionally, the spleen may rupture spontaneously, owing to rapid 
increase in size in the course of an attack of fever ; but splenectomy does 
not necessarily eradicate the malarial infection. 

Six cases of ruptured spleen were operated upon in the recent East African 
campaign. After splenectomy, intravenous transfusion of blood from the 
peritoneal cavity is an easy and efficacious treatment. The blood is coUected, 
strained through sterile gauze, citrated and given in the usual manner (Erasmus). 

Splenie rale or indi^x . — lii intimating the amount of malaria in a com- 
munity the splenic index lias bec*n foimd to be most reliable. Children 
between the ages of two and ten form the only safe guide (Stephens and 
Christophers), for among the inhabitants of a very malarious country 
tlic adults are more or less immune and their spleens are diminished in 
l)roportion. The infantile spk^n rate cent, is the basis of the endemic 
iiialariousness of a locality, though it is necessary to guard against a 
tifiidency to over-estimate its value. Barber, in the Pliilippines, working 
with children 5-10 years of age, obtained a splenic index of 13*8 and a 
parasite index of 1 1 . 

It is difficult by any known method to detect changes in the spleen unless they 
are of some magnitude. Some authorities consider that a spleen must be twice 
itK norinal size before it can be felt. The degree of splenic enlargement may be 
measured with the child standing up or lying down. Considerable differences in 
t he results obtained are given by the two methods, higher values being obtained 
irt the recumbent position. In India and in the tropics generally, where gross 
'legrces of enlargement are commonly encountered, the stemding position is nearly 
always used. The best method is for the child to be drawn gently across the 
t's knee, the hand being inserted beneath the scanty clothing and pressed 
the costal margin while the child is told to take a deep breath. The 
of splenic enlai^ment is usually classified in finger-breadths below the 
>^tal mar^, Obvioi^y thhi method is liable to fallaci^. The distance from 
' costal arch to the pub^ is very different in an infant of two years and a child of 
' Christophers devised a method by applying to the actual measurement 
oMtal marg^ to apex cff enlarged spleen) a oorrecticm based upon the nipple- 
umbilicus length of child. 

7 
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In thie average InH i fin child of six years of age the four-finger spleen reaches 
to the level of the umbilicus. In malaria surveys, the following classification is 
generally adopted : 

Spken-rate greater than 60 per cent, == H 3 T)erendemic. 

Spleen-rate 26 per cent, to 60 per cent. = Highly endemic. 

Spleen-rate 10 per cent, to 26 per cent. = Moderately endemic. 

Spleen-rate less than 10 per cent. = Healthy. 

The child spleen-rate gives the measure of endemicity, the average enlargement 
that of intensity. 

SchiifFner’s method of estimating splenic enlargement has many advocates : 



Fig. 7.— Schuffner's method of determining 
degree of spienic enlargement. {After 
Dr, X. W. Hfkckett.) 


a line is drawn along the left costal arch and a second line parallel to the first is 
traced from the umbilicus ; these two Unas are bisected by a third passing through 
the apex of the spleen (Fig. 7). 

Occasionally ai^ enlarged spleen has to be difierentiated from an enlarged left 
kidney containing a or a hypernephroma ; this has usually a rounded lower 
pole and a smooth round margin. An area of resonance can be elicited on its 
anterior surface, caused by the resonant band of the descending colon. The 
urine contains albumin and casts. Considersble care is sometimes necessary in 
the accurate palpation of the spleen. This is best done by using the radial ai^iect 
of the right index finger with the patient recumlient on his ^ht side and the 
abdomen relaxed, and the left arm extended (Fig. 8). Most autl^ties maintain 
that the greatest degree of splenomegaly occurs in P* mvax infectkms, but that in 
P. falciparum there is a highW proporUcm of smaUer spleens. 

Altfrough the chronic fibrous spleen remains quiescent and does not 
interfere with general health, yet it may occasionally assume an active 
paib<^enic role. Fairley has described a bmmolytic hypoehromid anasmia 
associated with postmalarial splenomegaly of the Banii type in which 
splenectomy was followed by a hmmolytic megalocytic erythoblastio 
aniemia. 

The paraeUe-rate or index is a simple percentage figure calculated tmtn 
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tho number of persons actually showing parasites in the peripheral blood 
at the time of examination. Figures for children and adults should be 
kept separate, as the spleen-rate falls with age more rapidly than does 
the parasite-rate, which shows how many adults of a community are 
really ** healthy carriers.” 

The endemic index includes all those who show either parasites or 
splenomegaly. 

The parasite-rate can be obtained from the study of thick as well as 
thin films. Curves prepared from splenic and parasite indices according 
to age run parallel to a remarkable degree. The parasite index as a sign of 
iiifectivity is more reliable up to five years of age, after which to the age 



Fig. S.— 'Method of spleen palpation. (After 
Munch. Med. Wocbentchr.) 


of twenty-five it is on an average 10 per cent, less reliable than the splenic 
index. 

Wilson and Clark, in a survey of 1,100 Haitian labourers and 2,007 school- 
chikiren between 6 and 14 years of age, found that the parasite rate, determined 
l>y the thiok'film method, vras of far greater value in estimating the prevalence of 
Mialaria than was the splenic index. Of 1 1,000 adults 23*5 per cent, had positive 
hliKMi-films and 3*03 per cent, had palpable spleens : of 2,007 children, fi0*62 per 
< i nt. had positive blood-films and 3*03 per cent, palpable spleens. 

In many areas malaria transmission varies greatly according to the 
HHon of the year, mosquitoes usually (but not always) being most prevalent 
inring and after the rains. Sph‘en and parasite rates observed during 
''<‘»tvy transmission periods are likely to w) much higher tlian at other 
asons, and, in estimating endemioity, account must be taken of these 
;h>rs. In general, a reliable estimate cannot be made, unless rates are 
over at least one year, and twen then that year may be abnormal, 
e tranamissicm continues througlmut the year the rates are more 
^able. 
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Liver and gall bladder. — Chronic hepatomegaly is a not infrequent 
sequel of malaria, and hepatic congestion may gradually become more or 
less permanent. Siderosis is produced from chemical changes in the liver 
imdergone by hemosiderin. Together with this there may be chronic 
engorgement of the gall-bladder, which predisposes to cholecystitis and 
cholelithiasis. It is small wonder that in this polycholia pigmented 
calculi are apt to form. For instance Vauthey has recorded ^ cases of 
biliary colic during an attack, and 71 in which biliary attacks occurred 
subsequently. ^ 

Mental changes. — Loss of memory and mental impairment are frequent 
sequels of acute subtertian malaria, more especially of the cerebral forms. 
Schizophrenia has betni recorded and also, occasionally, confusional 
insanity. 

Immunity in Malaria 

In the course of malarial infection a certain degree of tol(»rance may 
develop. 

In heavily-infected endemic districts, malaria is specially likely to 
appear in small children, and of these a proportion die early, while others 
acquire a degree of immunity through repeated re-infections. It has 
often been remarked that dark-skinned children \iith enormous spleen^ 
and a rich stock of malaria parasites in their blood run almut fever-free, 
and apparently robust, but they liave usually at some time passed through 
a few years of miserable ill-health. As these children grow up, their 
immunity becomes stronger and, after twenty years of iige, they may 
remain quite free from clinical signs, and even spltaiic enlargement may 
disappear. 

It is generally accepted that malaria, Jikt* other protozoal diseases, 
differs from bacterial infections in that the causative parasites do not 
disappear, but remain in the body, where a balance is i^tablished between 
the resistance of the organisms and the inherent tendency of the parasite* 
to increase. Sergent, Parrot and Donatien have coiiUHl the term ** pre- 
mumtion to characterize the balance between immunity and re-infection. 

Taliaferro and his as8ociat<?s have assigned an important rAle to the 
reticnlo-endothelium and a similar state of affairs has Intern found by 
Cannon and Taliaferro in birds infected with avian plasmodia. Ziemann 
and others have endeavoured to distinguish l)elw<?en immunity to the 
toxins and that due to the parasites. In the latter csm) the organisms 
disappear gradually from the body. 

Taliaferro and Mulligan attribute a considerable r61e to the macrophage 
cells. The reticular cells of the splc^m and Ixine marrow rapidly become 
converted into the phagocytic phase and may play an essential part in the 
local defence of those organs. 

It is well known that the negro in Africa, although he does get ftsver, does not 
get it so fi^u^tly or so severely as does the European, atthi^h the latter is 
less exposed to infection. Amon^ the Malays HchUffner observed an inunttnity 
to malanaparasit^, as described by Ziemann. Of the young childretit 88 per cent, 
were parasite cairieni, while in the edder ones it was as high as 50 per cent. Tbs 
paiaaite index in adults was 8-1 1 per cent., and of those 08 per oent. 

showed enlargement of the s|deen. Oiristopheis (1024) found tlmsaineocM^lik^ 
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in India. In most distriots in the tropics all three classloal forms of the malaria 
parasite occur, and therefore immunity may be produced against all three. In an 
untreated population, it is found that among children benign tertian parasites 
disappear most quickly, quartan parasites next and subtertian persist the longest. 
This is also the case among adults in whom the ring forms of the latter parasite 
predominate while crescents are very scanty. Thus natural immunity in native 
l^opulations is the result of natural selection, but each species of malaria parasite 
appears to be composed of different immunological strains. Thus, natives 
immune to strains of P, falciparum of their own districts may, be subject to 
attacks of subtertian malaria after moving to other areas as a result of 
infections uith new strains. 

Sinton, who has given considerable attention to this aspect of immunity, 
))eiieve8 that there are two methods of attack upon the malaria parasite and its 
toxins, (a) cellular, and {b) humoral, and that these two factors are closely 
assoc iated and act in combination. 

The cellular factor is definitely established in the destruction of malaria 
parasites by macrophage cells. Primarily, the host reacts to the infection by an 
increase in the number of these cells ; later, an active specific, phagocxiosis comes 
into being. 

The humoral factors are much less certain; in acquired immunity there is 
certainly development of specific antibodies and these are probably produced 
by the macrophage system as the result of stimulation of ingested parasites, 
acting as a specific antigen. The element concerned may l>c a lysin. or possibly 
an opsonin. Antitoxic substances are also probably produced, and there is some 
evidence to show that a certain degree of passive immunity can l>e transferred by 
the injection of serum from an immune subject. 

There are undoubtedly individuals who pos.sess an iimate imirmnity 
against malaria, even when they are residing in heavily-infected districts, 
but they are exceptional. It is usually asserted that the famous explorer 
Stanley was one of these*. J. (i, Thomson estimated that the process of 
actpiiring tolerance to malaria demands continuous exposure for about 
tiftmi years. Experiments by James and others induced ntalaria 
to indicate tliat a certain degree of immunity can be acquired through 
hvfx^r-infection, hut tliat the immunity is not entirely specific, even for 
a certain 8j)e(des, hut i»nly for a certain strain of parasite. Bagster Wilson 
has suggesUjd that in non-iiunmnes the subtertian parasite is mono- 
ni()rphi(‘, characterwed by minute rings and multiple cell -infect ion, whilst 
in iniinune persons the parasiti*s tend to l)e larger and polymorphic. 

(onsitlerations such as them* explain the sudden and senere outbreaks 
of malaria in endemic districts. No success lias so far attend(Kl efforts 
b) demonstrate immune l>odit*s in the blood. Sometimes meteorological 
causes combine to render conditions mor<* favourable for the development 
of the transmitting anopheles wdth consequent increcise and spread of the 
discasi*, as in the Ceylon epidemic of 1984. 

Again, mass immigration from malaria-free districts may cause an 
outbreak of the diseasib as in the Panama Canal, and in the many out- 
i rcaks during the 1914-18 war, Substjquently the Greeks repatriated 
f^om Asia Minor suffered frtnn serious epidemics wnth a high mortality in 
ualanous endemic areas in Greece. The widespread malaria epidemic in 
in 1920 could l^e traced, for the most part, to migrations of a half- 
population. 
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DIAGNOSIS OP THE FOUR CLINICAL VARIETIES OF MALARIA 

The recognition of the various forms of malaria parasite in the peripheral 
blood entads a knowledge of blood examination. For the details of this 
and of the methods of staining blood the reader is referred to the Appendix, 
p, 998. Some workers prefer the thick-drop method as offering a more 
certain chance of discovering the parasites when scanty in the peripheral 
blood, but it is by no means such a certain method of distinguishing the 
species. 

Effect of quinine, atebiin and other drugs on microscopical 
diagnosis. — It is of little use to examine the blood for the intracorpuscular 
fonns of the malaria parasite after full doses of q\iinine or atebrin ; these 
drugs rapidly bring about the disappearance of this phase of the parasite. 
Tlie crescent, or gamett>cyte, of the subtertian parasite alone is unaffected 
by quinine or atebrin, and in suitable cases may be demonstrated for 
weeks after the patient is cinchonized ; on the other hand, plasmoquine 
has a selective action on this stage (see p. 99). Changes in the red bl(H>d- 
oorpuscles, such as basophilic stippling, are sometimes of assistance, and 
de^te increase of large mononuclear cells above 15 pt»r cent, is suggestive. 
A reticulocyte crisis occurs 4-7 days after the exhibition of quinine or 
atebrin. 

Complement fixation. — This method of ensuring an accurate diagnoaii} 
in chronic cases was originally suggested by Gordon Thomson and considerable 
attention has been paid to it. As antigen an emubion of an organ rich in parasites, 
as well as artificial cultures of plasmodia, have been employed. 

Coggeshall (1941) described his special method with an antigen pre|)ared 
from red cells infected with Plasmodium hnoicUsi. This reaction is uninfiuenoed 
by the presence of luetic complement-fixing antibodies in indueecl therapeutic 
malaria. The test becomes positive about the second week and persists for some 
five memtha. Experimental studies suggest that this test may have considerable 
merit in P. vivax and P. falciparum infections, 'fhe jiarasltiased rod cells are 
washed ffee ffom serum and preserved by fireexing and drying. The stored antigen 
is rehydrated imd dOuted 1 ; 100 in normal saline. The supernatant fluid is us^. 
The tests are carried out as for the standard Wassermann reaction. Dolaney 
Stratman-Thomas and Warr (1942) found that 8 TO per cent, of malaria sera 
gave a positive reaction. 

WassermaiUI reaction — About 28 per cent, of malarial bloods in the acute 
stages of malaria, when parasites are plentiful in the peripheral blood, give a 
positive Wassermann reaction ; but this is not so in either the chronic or qulesoeiit 
stages. This fact has to be borne in mind in excluding syphilis in a malaria- 
infected subject. 

Saunders and Tomer (1935) believed that these results are not specific, but 
that malaria in acute stage gives rise to anti -complementary reactions* The 

latest work by Kitchen, Webb Kuppar supports this view. They inoculated 
30 persons with P, vivax and P. falciparum and tested the blood at intervals with 
the Wassermann and Kahn reacticra. ITiey obtained positive tests in svery 
case in which malaria developed clinically ; 72 per cent, of poritive reactioiis 
appeared during the third and fourth weeks after Inoculation of malaria, and 
tbim ranained poritive for more than three weeks in 60 per cent. Hie highest 
A j ^ positives occurred from fifteen to twenty -cme days after the 
paroxysm. 

Tiy tested 246 malaria patients, the hkKxi being taken when the tsmpsiahsie 
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v^as normal : 11*78 per cent, gave a positive Wassermann reaction. Of 97 with 
Hubtertian malaria, 8*2 per cent. ; of 110 with benign tertian, 11*8 per cent. ; of 
39 with quartan malaria, 20*5 per cent, were positive. 

Henry’s sero -flocculation test. — ^Prom examination of two pigments 
derived from hflBmoglobin — ^hsBmosiderin and - hsemozoin — ^it was considered 
probable that they would produce in the blood antibodies of diagnostic importance 
for a flocculation test. Accordingly the ferro-flocculation and melano-floccula- 
tion tests were elaborated by employing melanin from ox-eyes. It has, however, 
become increasingly clear, as has already been suggested (p. 59), that this reaction 
is non-speciflc and depends upon an increase of the euglobulin in the serum and 
diminution of cholesterin serum -albumin (Benhamou and Gille). 

Diagnosis by sternal puncture.- — Schretzenmayr (1939) claimed that 
sternal puncture is a simple procedure, and that it should be adopted as a routine 
diagnostic measure; he found parasites by this method in 19 cases although 
blo^ Aims were negative. Aitken, Humball and others (1943) have used this 
method during the present war. They found it valuable in atypical cases, where 
routine examination of the peripheral blood was negative, especially in subtertian 
infections. A sternal puncture needle is unnecessary, and a stout truncated 
lumbar puncture needle can be used. It is inserted vertically through the centre 
of the sternum at the level of the second intercostal space and pressed firmly 
through the cortex. Resistance decreases when the marrow is entered. Thick 
drop prt'parations can l>e made, and the fluid contains more parasites than the 
|M*ripheral blood. Of 294 cases of obscure illness, 250 were diagnosed by blood 
films, the remaining 38 by sU^mal puncture. Many of the latter had previously 
been tn^aUnl as sandfly fever or neurasthenia. 

Diagnosis by splenic puncture. Hpleen pum ture may occasioimliy 
be usee) as a method of diagnosis, t^sim’ially in elm)nic and relapsing 
cases due to P. rirrur. In films, malaria pigment . fret' and endt>eorpu8cular, 
and remains of malaria parasites may lie oteerv ed, but Foy and Kondi in 
Macedonia found this method very disappointing. 

Diagnosis of malaria by the therapeutic action of quinine. 
It is unfortunately true that, when? malaria exists, any case of fever is 
diagnosed as malaria, and the practitioner may l>e called in only when a 
considerable amount of quinine has been taken and has faiM to achieve 
the desin*d result. I'nfortimately, too, a good many practitioners are in 
the habit of relying unduly upon the therapeutic action of this drug, 
without verifying their diagnosis hy microscopic examination. 

Diagnosis from clinical signs. -The most important clinical sign 
IS jieriodicity of the fever, which tKJCurs in its most typical form in the 
tertian and (piartan infectitms : in the subh^rtian, however, fever may 
bf‘ most irregular, or there may l>e no pyrexia at all. 

Knlargemeni of the spleen is a common clinical sign in all forms of 
malaria. In old-standing infections it may be very large indeed, and 
'»<’cupy the greater part of the abdominal cavity, but in early, and it may 
very severe, cases it may not be sensibly enlarged at all, and therefore 
lails entirely as a clinical guide ; usually, however,* in the absence of 
plenic enlargemmit, splenic pain is present during the attack. Moreover, 
be patient may be sufiering from some totally different disease, and the 
1 ‘dpable spleen may be the result of a long-standing malaria infection, 
unconnected with the attack in question. 
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To the clinician accustomed to many cases, the general appearance of 
malaria patients, the bright glistening eye, set in rather a dusky orbit, 
contrast^ with the pale and ochreous complexion, combine to create an 
almost diagnostic appearance. Amber coloured urine due to excessive 
urobilinnria, especially in subtertian malaria, and even in the absence of 
parasites in the peripheral blood, may be suggestive. 

Diagnosis by the history.— Sudden fever in a previously healthy 
person who has recently arrived from a malarious coimtry usually turns 
out to be malaria. The patient will generally give a lustory of similar 
attacks while resident abroad, but there are exceptions to this rule, for, 
occasionally, residents of tropical countries may develop their first attack 
of malaria shortly after arriving in a cold climate, and this attack, aggra- 
vated by the conditions, may run a very severe counn* : this is especially 
the case with recent arrivals from the West Coast of Africa, and it is true 
for both benign tertian and subtertian infections, the parasite lying 
dormant in the blood-stream, perhaps as long as eight months ; in the 
benign fonn a year or more. 

An actual description of the febrile attack itself may Ik* suggestive. 
The rapid rise of temj>erature, the history of the cold, the hot, and the 
sweating stages, the rapid defervescence of the fevt*r, and the sulwKtquent 
sense of well-being, are more characteristic of a malarial attack than of 
any other febrile disease. At times peritKlicity is a trustworthy enough 
clinical test. Tertian and quartan i^eriodinty usually ocTur only in malarial 
disease, btU have been seen in meninyococcal septicoemia. 

Provocative methods of diagnosis. — It has Ikkiu noted, |>articularly by 
Italian observers, that exposure to undue fatigue or cold is apt to bring on an 
acute attack of malaria fever in latent cases, thus facilitating detection of the 
parasites in the peripheral blood. It is suggested by some, though to others it 
may not appear justifiable, that a patient in whom malaria is suspected should be 
made to climb a high mountain and expose himself to cold at a considerable 
altitude, in order to provoke an attack. 

Other methods have been employed to make the [larasites appear in the 
peripheral blood ; e.g, the subcutaneous or intramuscular injection of normal 
serum or other substances producing protein-shock, sometimes with strychnine, 
nitroglycerin, iron, ergotin, pituitary extract or adrenalin. I nt ravenous injection 
of salvarsan is sometimes followed by a similar result. X-ray applied to the 
spleen, and ice-packs to the abdomen, are other provocative methods. It is said 
tiiat the most efficacious measure is the intravenous injection of 2 c.c. of I in 1000 
adrenalin hydrochloride dissolved in 300 c.c. of normal saline, and that this 
procedure produces immediate reduction of an enlarged spleen, with the appear- 
ance of the parasites in the peripheral blood (see Ascoli's method, p. 98). 

De lAngen and others have shown that the number of pararites in the peripheral 
blood may be greatly increased after exercise, a prooem which drives the parasites 
out of the blood reservoir in the internal viscera where they tend to aooamalate. 

Diffbkbntial Diaokosib of Malaria and of Blackwatbr Fevbr 

The differential diagnosis of malaria entails a knowledge of all feveiSt 
both tropical and non- tropical ; but there is one point to b^ home in 
mindf for which there seems to exist at present no adequate scientific 
explanation, namely, that in patients who have suffered for some time 
from recurrent ’malarial attacks, the temperature of a* subiequentijr 
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contracted febrile disease, for example measles, may show a periodicity 
foreign to its usual character. 

In hepatic abscess, although the liver is enlarged the spleen is not 
necessarily so, and the fever occurs generally, though not invariably, 
in the late afternoon or evening. 

In bilious remittent malaria the icteric tinting of the skin is an early 
feature ; albuminuria is not so common or so marked as in yellow fever. 

Without the microscope it is sometimes impossible to differentiate 
typhoid types of malarial fever from enteric in the early stages. 

The following, also, are often mistaken for malarial fever : cerebro-spinal 
meningitis ; fever of urinary origin (sometimes renal calculus) ; the fever 
attending the passage of gall-stones, or inflammation of the gall-bladder ; that 
associated with pyoUtis and surgical kidney ; perineal absoess ; lymphangitis, 
{mrticularly that form associated with elephantiasis and other filarial disea^ ; 
iindulant fever ; relapsing fever ; trypanosomiasis ; kala-azar ; the fever 
associated with tuberculous disease, with uloerative endocarditis, with some 
types of pernicious amemia, with splenic leucocythasmia, with visceral syphilis, 
with pulmonary carcinoma, with rapidly growing sarcoma, with forms of hj^teria, 
and with many obscure and ill -defined conditions. 

IVimary atypi4*al pneumonia in its initial stages may resemble a malarial attack, 
and its rec^nition gave rise to difficultu^ in the Middle East campaign. Camp- 
))cll (1943) described tw o clinical groups. The first consisted of patients w ho had 
both malaria and pneumonia, the second of those admitted with malaria who later 
developed pneumonia. The routine use of X-rays is indispensable ; it reveals 
the typical mottling of the lung bases. 

Priest, Kilham, Javett and Sacks found that meningococcal septiccemia may 
produce t€*rtian, or even quartan, periodicity somewhat resembling that of the 
(‘oTTcsponding forms of malaria. The Editor <1941 ) diagnosed one such patient, 
M ith recurrent attacks of fever, who had l)een regarded and treated as malaria 
for nearly one year. Splenic pain may also be present as well as erythema nodo»um. 

Differential diagnosis of special forms of subtertian malaria.— liiere 
is a natural tendency for medical men, unacquainU^d with the clinical forms of 
Kubtertian malaria, to diagnose ita various symptoms as manifestations of some 
other disease. Even surgical oondltions, such, for example, as ap{iendiciti8, 
intestinal obstruction, or other acute abdominal disorders calling for urgent 
ojMTative interference, may be suspected. The following statement is based 
u|K)n actual diagnoses which have b^n made on clinic^al grounds alone, without 
the confirmation of a microscopic examination, but w hich subsequently proved 
to be eases of subtertian malaria : 

(ft) Cerebral forms of subtertian malaria are apt to be mistaken for heatstroke, 
mental derangement, hysteria, alcoholism, aphasia, convulsions, epilepsy 
cerebro-spinal meningitis, or plague. 

(ft) Abdominal forms for dysentery, both amoebic and bacillary, cholera, 
intestinal obstruction, appendicitiSi biliary colic, cholecystitis, hiemor- 
rhagio pancreatitis, or liver abscess. Malarial appendicitis can be 
dis^ingoiabed on cliidoal grounds by overooming the muscular defence 
by ps^ni palpation, from the subsequent passage of f»ces and flatus, 
the dicrotic, full pulse, the flushed fiscies, and the rapid fall in temperature 
after a profuse sweat. 

) Cnlmomaty fomuh-Le.^ malarial pyrexia with pulmonary congestion and 
myooaidiris— for bronchitis, pneumonia, and pleurisy, especially on the 
left side (due to congestion of spleen), disordered action of the heart or 
valvrdar disease. 



MALARIA 


(d) Those with cutaneouB peiechim for measles, endocarditis, or purpura. 

(e) FdmU oases with remittent pyrexia for influenza, rheumatic fever, enteric, 

phlebotottitiB fever, trench fever, paratyphoid, or relapsing fever. 

if) Icteric cases for yeUow fever, Weil’s disease (leptospirosis) or infective 

hepatitis. 

(g) Cachectic cases for acute nephritis, pernicious anssmia, spleno- medullary 

leucocythsemia, debility, or pulmonary tuberculosis. 

(h) (Edemaims forms, exceptional cases with general anasarca, ascites and 

polyuria, may be mistaken for beriberi 

The lesson to he lemed from this statement is the overwhelming importance 
of blood examination in all cases of fever in malarial countries or in patients who 
have lived in those countries, no matter how closely the cUnioal condition 
simulates other diseases. The finding of malaria parasites, however, does not 
rule out the co-existence of other diseases, and acute judgment is needed in the 
evaluation of signs and symptoms. 

Differential diagnosis of blackwater fever. — The diseases with which 
blaekwater fever might be confounded are — (1) paroxysmal haemoglobin uria ; 
(2) bilious remittent malaria ; (3) yeUow fever ; (4) leptospirosis. If it be borne 
in mind that rigor, hsemoglobinuria and pyrexia are all in evidence at the outset in 
blackwater fever, and also that blackwater fever is acquired only in certain 
countries, an error in diagnosis is improbable. 

PROGNOSIS OF MALARIA AND BLACKWATER FEVER 

As a general rule, malaria is a much mori* serious (lis«*as<‘ in children 
than in adults. It is a 8*»rious disea.s^* in the weakly. t»s[n‘cially in those 
whose constitutions are uiideniiined by any inU*rcurrent dis<*ase, such as 
phthisis or dysentery. It may lead to HlK>rtioii in pregnant women, and 
this possibility must always l>e considered. 

A severe attack of blackwater fever generally rids the [mtient of 
his present malaria infection, but, as the n^sult of this very exhausting 
illness, his general health suffers for some time afterwards. Patients who 
have passed through one attack sboiild not Im? jxTinitted to return, for a 
year or more, to an endemic centre of the disease*. The course of a jmrtieular 
attack can, generally speaking, l>e judged by the st*verity of its onset. 
So far from being protected gainst future attacks of blackwater fever, 
the patient appears to be predisposed. Therefore, those who have survived 
two attacks should not be pennitted to return to the tropics ; a third 
often proves fatal. 

Apparently mild cases in which fresh paroxysms <iccur are of grave 
import. Anuria usually indicia tes a fatal termination. 

TREATMENT OF MALARIA 

General management of a case of malaria. — Every case of ttialaria 
with fever should be nursed in bed and treated seriously, for severe symp- 
toms may develop at any moment. The room should lie darkened to 
mitigate the photophobia ; or a sports shade or eyimhade serves this 
purpose very well. 

Special attention should be paid to clothing ; the patient’s feet must 

^t warm with bed-socks, and after the stage of perspiration the 
bed<^thes should be changed. Attention to the food is also necessary. 
Duri^ the acute stages it is best to give plenty of water and tenionaae 
to drmk, while the food itself should bo fluid and easily d^ltble. During 
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the convalescent stages, if the patient hag an appetite, full diet should be 
substituted, and there is no point in denying to patients who are used to it a 
strictly moderate amount of alcohol ; beerandstout in moderation are useful. 

For tliree himdred years it has been almost universally believed that in 
(juinine medical science possessed a unique and specific remedy for this 
fever — a remedy unrivalled throughout the whole range of medicine in its 
potency and effects : but during the last twenty years, synthetic specific 
remedies — plasmoquine and atebrin — ^which equal quinine in some respects 
have been produced. 

1. Quinine Treatment^ 

Quinine htjdroehhride is the form which should be used by preference ; 
it may Ik^ ol>taititKi in tablet form, and taken well crushed up in water : 
the bitter taste is <juickly removed by masticating a piece of bread. 

Quinine* Hulphute pills are to be avoided, as they often pass through the 
inUtstiual canal without being absorbed. For this reason siujar-coaied 
tablets are not recommended for use in the tropics. Ten grains of the quinine 
sulj)hate is rendered soluble in distilled water by 10 minima of acid, sulph. 
(lil., or acid, phosph. dil. 

Method of dispiising Uiste of quinine. — In ortler to disguise the disagreeable 
tasU* of quinine, which in ho objectionable to 8t>me people, syrup of orange or 
glycerin (I dr.) may be added. Quinine is rendered le^ bitter if mixed with 
milk, A preparation known as Laequin (Cow and Gate Ltd.) is well tolerated 
and the Editor has had good results from its use, especially in children. This 
prejiaration is a powder containing quinine ethyl carbonate, gr. 2i, to one tea- 
HjMonful of milk |X)wder, flavoured with vanilh, which may be combined with 
10 gr. of aspirin. 

Dosage of quinine. — Tlio iimximuiii d(».^c of quinine for an adult 
l^uropean is about BO gr. (2 grm.) per day. For some infections 20 gr. 
snftin*s. With prolonged quinine treatments it is not advisable to give 
more than 10 gr. a day. 

F(»r children, al)out one-twentieth of the adult dose for each year of age 

re(Munnuuided, so that a child of five years w'ould receive one-quarter 
of an adult dost*. Alaive fifteen years of age the dose is that of an adult. 

Quinine in pretpUMtury. should bt? exercisi»d in giving quinine to 
pregnant women, for undoubtedly, if administered in large doses, it may 
^o^Jctim(»s cause* miscarriage. Pregmuiey, lu»w<‘ver, must not debar the 
<lrug altogether ; only, in such rin?uiiistanct>8, it should be given in the 
"linirnum dose likely to he efft>ciaal, say 3 gr. repeated every eight hours 
b>r tvvt> days. ^*1 pregnant mman will run uu>r« risk of miscarriage and of 
detriment to her health from repeated ague Jits than from a reasonable dose of 
nmnine. Indeed, Acton concludi*d frt>m his pharmacological studies that 
ioiHcarriage c*an only Iw brought alnnit by doses of quinine suflUciently 
! rge to poison the patient. 

I liken in prophylactic dtjses it does not interfere with menstruation, 
' I'eption or pregnancy. It has lieen shown that atebrin and plas- 
’ luiiie compounds are w'ell toleratial by pregnant women, and the 
linistratiou is not attended by undue risks {see pp. 100, 102). There is 

‘ 0 oooapiianii by Ui# of .lor*, tho Uiiodcunwrton* of tbo qoialiw iadiwtiy, there bi» 

^ Kmm of this vebiebie dnif. Toe evotliiMle of qttitane to the UboratcuT bj two Amerioon 
B, Woodwifd end W. ». DoertM-4i therefore e dnoorwy of primer/ ImporUnoe, 
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no satisfactory evidence that quinine has any effect on menstruation^ 
although Cook is of the opinion that it increases the amount of flow. 

Quinine in the puerperal stale , — It is a wise precaution in malarious 
countries to give a few 5-gr. doses of quinine during labour or soon after. 
The puerpepil state seems to have the effect, as any other shock or physio- 
logical strain might, of waking up the 8luml>ering malaria parasite. A dose 
or two of quinine in these circumstances does no harm, and may, by choking 
off a threatening fever, avert suffering and anxiety, and even danger. 

Excretion of quinine, — Nierenstein’s observations show that the excretion 
of quinine is the same however administered. The drug appears in the 
urine within fifteen minutes, and altogether one-quarter of the total 
quantity is passed in this manner, the highest concentration being 7-11 gr. 
quinine base per litre. Large amounts are also excreted in the fseces. 

The Tanret reaction (p. 1005), as demonstrated by Howie and Murray- 
Lyon (1948), gives important indications in the treatment of subtertian 
malaria, especially concerning the absorption of quinine. Reactions were 
obtained in acute attacks treated by 80 gr. of oral quinine daily for seven 
days, and during convalescence after daily suppressive doses of 5 gr. 
Of 100 patients, 88 showed positive reactions during the attack and made 
rapid recoveries. Those who gave negative urine reactions all showed 
unfavourable response to treatment. The majority gave positive reaction 
between one and five hours after the exhibition of quinine. The reaction 
may remain negative imtil intravenous quinine is given, and even this 
occasionally fails. 


Foy and Kondi use W agner’s reagent for the detection of quinine in the blood, 
while Vedderand Masen have still further improved the colorimetric method by 
introducing the gum-ghatti and potassium iodide indicator. The Italians make 
sure that soldiers in the field have taken their dose by coating the quinine pills 
with methylene blue, which colours the urine green. 

Excretion of quinine in mUk, — Quinine, even in prophylactic doses, is excreted 
in the milk of nursing w'omen. To demonstrate this, 10-15 c.c. of milk is drawn 
df at intervals and added drop by drop to ten times its volume of 96 per cent, 
alcohol containing 2 per cent, acetic acid, stood for half an hour, sh^en and 
filtered. The amount of quinine in tl^ filtrate is estimated by Tanret's reagent. 
Excretion commences in fifteen minutes and is completed in one hour. 

From time to time it has been suggested that quinine therapy is aided by 
the addition of alkali. The most widely employed form has been 8inUm*s 
alkaline quinine treatment, advocated as a standard treatment for malaria in 
India. The patient is first given, as an aperient, hydrarg. subchloride, gr. 3, 
fcdlowed by 1 ox. of magnesium sulphate dissolved in twice the amount of warm 
water. ShcmM nausea or vomiting be present, the hydrarg. subchloride can be given 
in smaller doses with sodium bicarbonate. Two mixtures are given as follows : 


(а) Alkaline mixture. 

Sodium bicarbonate . 
Sodium citrate 
Aq. dest. 

(б) Quinine mixture, 

Qainine sulphate 
Citric acid 
Magnesium sulphate 
Aq. deal. 


3i (3*89 gim.) 

. gr.xl (2*592 grm.) 
ad Si (28*42 0 . 0 .) 

. gr.x (0*648 grm.) 
. gr.xxx (1*944 grm.) 
. 31 (3*89 grm.) 

ad SI (28*42 o«o,) 
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Other forma of quinine, — Euquimne or euehinine, the ethyl carbonate of quinine, 
has the advantage of being almoet tasteless, an important property for children 
or fanciful patients, and, according to Fletcher, it is as effective as the more 
familiar salts of quinine. On the other hand, some preparations, such as quinine 
tannate, are usel^, owing to their insolubility. ^ 

Quinine alkaloid is almost insoluble in water, but has in consequence less 
of the bitter taste than the more soluble salts, and appears to be absorbed from 
the intestinal canal. 

Quinidine has an action upon the benign tertian parasite comparable to that of 
quinine. 

Continuous drenching with quinine is of little use in persistent cases. 
It may be necessary, even in benign malaria, to give a course of intra- 
uiuscular injfMstions (solvochin) in order to cut short the fever. Thera- 
jieutically-induced malaria is extraordinarily amenable to quinine treat- 
ment. 

Cinchona febrifuge (30 gr. daily) contains all the alkaloids of chinchona 
hark and gives a curt^ rate of about 50 per cent. Cinchonine and quinidine 
in gr. 10 doses, twice daily, have a similar effect in 60 per cent, of benign 
tertian infections after a course of three weeks. 

Bietcher concluded that in doses of 10 gr. twice daily the four alkaloids 
(quinine, quinidine, cinchonine, and cinchonidine) appeared to be of equal 
value in controlling malaria, but that quinidine sulphate acts better on 
(juartan parasites than quinine. 

There is little to choose betwetm the different crystalline alkaloids of 
cinchona bark so far as their action on benign and quartan parasites are 
concerned. In doses of 1 gnn. (gr. 15) daily, quinine, quinidine and 
(juinetum are equally efficient in producing a clinical cure in malaria. 

Qiiinetum is a preparation consisting of quinine, cinchonidine and 
cinchonine in equal parts. This is made by extnicting these alkaloids 
from the bark of Cinchona succirubra which contains them all in equal 
(]uantities. 

Totaquina is standardised to contain not less than 70 per cent, of crystal- 
lint* alkaloids, of which about 15 per cent, should be quinine. The amor- 
phous alkaloids must not exceed 20 per cent. ; mineral matter not more 
than 5 per cent., and water the same quantity. Two types are prepared : 



Totaquina Type 1. 

Totaquina Type II. 


Made by extracting 

Addition of sufficient 


the total alkaloids 

alkaloids to residue 


from cinchona bark. 

of quinine manufac- 


(€, euceirubra) 

ture 

t)uimn© 

. 25*23 per cent. 

. 14*79 per oent. 

t'inchonine. 

. 27*67 

55*11 

^ nichonkliiie 

. 34 *13 

7*10 „ 

t^iinidine . 

. 0*0 ‘ 

6*21 

<<>talcryirtalUcftbfealkaldda 87-03 

88*21 

^>norphoitsalkaloidji . 

. 8*86 

10*47 


. 0*99 

1*77 

, 

. 0*63 „ 

2*13 


(These figmee are as given by Chopra.) 



94 


MALARIA 


Alkaloids in Type I, are chiefly quinine and cinchonidine. In Type II 
the chief alkaloid is cinchonine and it also contains quinidine and large 
amounts of amorphous alkaloids, 

BesuUs oj Totaquina ^eatmerU in hunlan malaria. — A single dose of 10 
of totaquina Type I produces the same effect in aborting fever and 
in reducing the parasites as is produced by a single dose of 5 gr. of quinine. 
With totaquina Type II it is necessary to use a single dose of 20 gr. (1*2 
gnn.) to produce the same effect as is produced by a single dose of 5 gr. 
of quinine. Totaquina Type I, when used in ordinary clinical therapeutic 
doses for curative purposes, e.g., 1*2 gnn. (20 gr.) daily for 5-7 days, 
should give about the same results as quinine in similar doses. It is 
therefore a good substitute for quinine, and is considerably cheaper to 
produce. 

The term Cinchona febrifuge should he strictly reserved for a mixture 
of all cinchona alkaloids of C. succimbra bark which is used for the treat- 
ment of malaria in India. The following mixture is prescribed : 


Cinchona febrifuge . 
Citric acid 
Magnesium sulphate 
Peppermint water . 


. 10 gr. 

. 20 gr. 

30 gr. 

. 1 ounce 


An ounce of this mixture is prescribed three times daily. 2J hours after 
meals, for one week. It has been found quite effective, but is apt to 
produce nausea. It is as effective as quinine in the treatment of malaria 
and is no more toxic. 

The average preparation made in the Government factorii'S in India 
contains less quinine. It is issued in 8 gr. tablets. The present agitation 
in the Indian Medical Press is to the effect that this preparation should be 
used universally as a substitute for quinine. It is said that unwillingness 
to do so is a ^tter of prejudice and that it is sia^cially useful in })enign 
tertian malaria on account of its high percentage of quinidine. The 
average composition of official cuichona febrifuge is : 


Quinine . 
Quinidine 
Cinchonine 
Cinchonidine 
Ash, etc. 




7*4 pcT cent.. 

. 


. 22*83 

. 

, 

. 18*58 

. 

. 

. 5-84 „ 



. 45*35 „ 


64*65 per cent, of 
crystallizable alkaloids. 


Java febrifuge contains 11*5 per cent, of quinine and a smaller percentage 
— 5 per cent. — of quinidine. 

Q^ine given in r^lar d<»«age is known as anti-relapse treatment. 
Opinions differ on the best course. Some consider it advisable to keep 
up the quinine for three months, either by the so-called week-end system— 
80 gr. on each of two consecutive days — or 10 gr. once a day for six days. 

If splem is trader, the apf^cation of a mustard plaster or a fomeittation 
It b generally held that the absorption of qninine it gwatiy 
asnstM by the administration of arsenic, and indeed In of scarcity this 
drug has been administered in the routine treatment of liTnair It is umatty 
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given as liquor arsenioalis, 5 min. three times daily. It may be oombined with 
iron to combat the an»mia» as in the following prescription : 

Liq. arsen. acid. .... ITliii (0*178 o.o.) 

Ferri sulph. gr.ii (0*13 grm.) 

Acid, hydrochlor. dil. . . niiii (0*178 c.c.) 

Aq. dest. . . . . ad (14.21 o.c.) 

It may bo more advantageous, Sispeoially during the convalescent stage of the 
disease, to prescribe iron and arsenic together in pill form, to which strychnine 
may be added, as in the following : 

Forri hypophos. ..... gr.ii (0*13 grm.) 

Acid, arsen. ..... gr.is*^ (0.0013 grm.) 

Strych. hydrochlor. . . . • (0.0013 grm.) 

Exc. ....... q.s. 

Two or three of the pills are given every night. 

H i/ifroxyethiflapocupreine is said by Hegner to be less toxic than quinine and 
equally effective, whether given by mouth or parenterally. 

Emnofele (in pill form) or Esanofelina (in solution) has acquired a popular 
reputation, especially in Italy. Elaoh piU contains : 

Quinine bisulpliatc . . • gi*- U (0*09 grm.) 

Arsenious acid • g*** 7*3 (0*0009 grm.) 

Citrate of iron . . . . . gr. § (0*027 grm.) 

Powdered herbs . . • gr- i (0*0145 grm.) 

This is virtually what was known as BaccelU'a mixture. The dose for a child 
under 8 years is two pills a day ; from 7*14, four ; for an adult, six ; as a pre> 
ventive it is roct)ramcnded that two pills be taken every day. 

Mode of action of quinlne.—The effect of quinine on the malaria 
parasiU»s is not yet clear and it has yet to be provtnl whether it is direct or 
indirect. 

The fact tliat malaria paraaik's, on addition of quinine-saline solution 
ef 1 in 10,000 concentration, an? still capable of producing infection 
after twelve hours is strong evidence against the belief in direct action. 

Many investigations have been devoted to the distribution of quinine 
in the blood and organs of the body ; some coimider that it is stored in 
the liver. Giemsa, for instance?, thinks that its action is direct and that 
destruction of the parasites takes place in the endothelium of the vascular 
eapillaries of those organs which accumulate quinine. 

l^robahly, in complete cure, both actions come into play, and possibly 
direct action (x?cur8 first, as seen in the almost miraculous results of in- 
’Mvenous ({uinine inji?ction. Furthermore, in ape-malaria it has l)eeu 
>ii')wn by Nauck and Malamos that the action of quinine is not interfered 
'' ith if the main protective organ the spleen) is removed. 

Toxic effects of quinine. — The milder effects are nausea, tinnitus 
‘ '‘riuni, dizsiness, tnmiors and palpitations, and are shown by nearly all 
!' ‘^icnts at the b<^uiing of quinine medication. It is even said that their 
' ^ indicates that the drug is not being absorbed. Vomiting is 
' asiunally produced and may be controlled by 10-20 min. of adrenalin 
' 1 ,0(K) sol.) in I oz. of water. 

diosyncrasies to the drug are encountered, while some people become 
from, long-continued administration ; some develop 
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cutaneous eruptions which may vary from a mild erythema to weeping 
eczema and even exfoliative dennatitis, and general o^ema. An indica- 
tion of this sensitization may be-obtained by the scratch test (endermic 
test). A scratch is made on the flexor surface of the forearm and a drop 
of 1 in 10 solution of quinine applied. When the test is positive, oedema, 
with a zone of erythema, results. A saline control should be employed. 

Local oedema of the eyelids, as well as of the nasal and oral mucous 
membranes, has also been observ'ed. Cutaneous hffimorrhages approxi- 
mating to purpura, with bleeding from the mouth, intestinal or urinary 
systems, are met, but are rare. Acquired sensibility to quinine is not 
infrequent, especially if the drug has l)een given in 15-gr. doses over a 
long period. After large doses mental confusion and coma may ensue. 

Permanent deafness is rare after quinine therapy and occurs only if 
excessive doses are exhibited. 

Qmnine amaurosis, due to retinal damage, generally results from gross over- 
dosage with quinine— 80-160 gr. — but exceptionally, in those with pronounced 
idiosyncrasy, temporary blindness may follow^ even moderate doses. The 
ophthalmological appearances are cedema of the disc and a cherry red spot in 
each macula. Injection, intravenously, of I c.c. sodium nitrite solution, with 
piuraoentesis of cornea, is recommended as an effective treatment. Quinine 
blindness, according to McGregor {1944), is due to damage to the retinal cells 
with the production of a “ sieve-like ” field. The milky ap[>earance is attributed 
to ischaemia and the cherry -red spot to blockage of the central artery. Total 
blindness may ensue ; usually the arteries become narrow , which may be due to 
arterial spasm or to a thickening of the intima. 

Injection of quinine , — The indications for intramuscular injection are : the 
inefficiency of oral quinine, its non-absorption owing to severe vomiting or 
gastritis, the presence of severe, toxic or pernicious symptoms or of large numbers 
of parasites in the peripheral blood. 

The most suitable readily procurable salt for injection is the hydrochloride 
or, better, the dihydrochloride, which is soluble in its own w*eight of water. 

Pain is caused by the acidity of the dihydrochioride (pH. 3*6), and the hydro- 
chloride is better when combined with urethane. 

B Quinine hydrochlor. . . . . gr. X 

Urethani V. 

Aq. dest ad 2 c.c. 

soL steriL (l>H » 6*1) 

Solvochin is recommended as an ideal preparation of quinine for injection 
per cent, solution at pH 7*2) ; 2 c.c. wntains 0*6 grm. dissolved in |^yi 
dimethylpyrazolon. Phenazone is added as a solvent and analgesic. Quinine 
lactate has been recommended as less irritating than tlie hydrecbloride. Being 
alkaline, it produces no pmn or irritation. In chronic benign tcNriian malaria 
2*2 C.C. is injected twice daily if necessary for four days or bng^. 

The usual ate is the gluteus maximus muscle at a point on a horisontal line 
through the apex of the great trochanter (Fig. 9). TbU p^t, of coitree, is well 
above the exit of the deep-lying great sdatic nerve, which may be injured by 
pinning the needle in a wrong direction. Pain b minimized and ahscMrptlcm 
aided by massage for some three minutes at the site of injection. The mihe 
wound b sealed with collodion. Grey Tomer recommends the aoteeo*lut^^ 
aspect of the thigh (vastus extemns) as the ba# dMigereos site. 

A stout, prefimbly platinum-iridium, needle ahonld be.diive(n well liofiie» deep 
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into the muscles, the skin having been carefully cleansed. The solution must be 
freshly prepared and boiled, and the syringe and needle thoroughly sterilized. 

In childi^ the injection should be given slowly and in dilute solution. 

It has been shown that a concentrated solution of quinine is rapidly absorbed 
from the tissues, and that its action upon the parasites in the circulation is rapid. 

Localized necrosis of the muscular fibres of the gluteus is apt to occur after 
injection of quinine ; this is followed by oedema and, it may be, a destruction 
of the blood-vessels, thus rendering the muscle a suitable culture-ground for 
tetanus or other organisms. In addition to tetanus and abscess-formation, gas 
^mrigrene and general streptococcal septicaemia have been observed. There is 
no ^vantage in repeating the injection day after day in approximately the same 
sjK»t ; if this is persisted in, extensive necrosis and haemorrhage may result 



( Fig. 10). Injection into or near the great sciatic nerve has resulted in paralysis 
of the leg. 

'I’liree or four intrainiiBcular injections of quinine are quite sufficient 
to tide over the pernicious symptoms of subtertian malaria and to save the 
patient's life. Coiitiimed pyrexia, however, may not necessarily indicate 
that parasitos are still active, but may be due to toxic absorption from 
(luinine injections. 

(^uifiine injections were ociTasionaily followed by fibrous nodules, the size of an 
almond, at the site of injection. Th^i persist for many years and give rise to a 
L'n*at diMil of inconvenience ; they may even break down and suppurate many 
>« ar8 aftoraards. The Editor h^ seen two such oases in which suppurating 
formed at the site of injections given 25-30 years previously. In one 
' a suppurating granuloma, 2| inches in diameter, somewhat resembling a 
sarcoma, was exoised ffiom the gluteus muscle. It noa* appears possible that 
’“(Mt of these unpleasant and sometimes dangerous results of intramuscular 
may be avoided by employing mi isotonic solution such as solvochin, 

mgfield in a series of 500 injections hM had no complications. The therapeutic 
< ♦h rts have been exoetkmt. 

Inirai^enous injecHans of quinine, — In pernicious cases of subtertian 
’ 'iJaria, in which it is important to obtain a rapid and powerful action, 
” injfKjtion must be intravenous. The dihydrochloride sdt of quinine 
uld bc^ used in a dose of 10 gr,, dissolved in 10 cx. of distilled water, 
or collapsed cases it may l>e advisable to add saline and glucose 
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(5 per cent.) injection, in amounts of ^ to 1 pint, though in comatose 
patients this does not appear to have any distinct advantage. The solution 
should be boiled in a test-tube before use, drawn up in a sterile syringe and 
injected into the median basilic vein, rendered prominent by a rubber 
band. On its introduction into the vein the plunger of the syringe should 
be slightly withdrawn to let blood enter the barrel. The injection should 
then be made slowly, after the rubber band has been released, and at least 
three minutes spent over the operation. One dose of 10 gr. is usually 
sufficient to stop the fever and cause the disappearance of most of the 
parasites within eighteen hours, and it is advantageous to follow it up 



Fig. 1#.— Qiiioinc abKefi of buttock, 4ev€i<^C ten weeks after last gvhilne Injection. 

with an intravenous injection of 10 min. of adrenalin (1 in 1,000). If 
the myocardium is involved, care moat be taken^ since the amount of 
toxin liberated by rapid destruction of parasites after intravenous injection 
may paralyse the cardiac mechanism. It is more advisable, where the 
myocardium is involved, to give a pndirriinary intramuscular iniection 
of quinine, and to follow it up six or eight hours later by a smaller in- 
travenous injection (6 gr.). Usually, a considerable fall in the blood- 
pressure is recorded. If ^eat destruction of red blood-corpuscles has 
taken place, blood transfusion of 800-^500 c.c. is indicated. (See al$o p. 108.) 
African authorities have recently advocated large doses of nicotinic 
acid as a vaso-dilator in these cases. 
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The Aecali treatmerU . — In Italy a good many papers have appeared on this 
method since it was first introduced by Dominici in 1931. Ascoli^s method 
consists in the intravenous injection of adrenalin, f and mgm., in increas- 

ing doses up to mgm. Usually, about twenty daily injections are needed. 
This method results in reduction of the size of-the spleen, decrease of anasmia, 
increase of body-weight and improvement in general health. It is also said to 
increase the efficiency of subsequent quinine treatment, especially in those 
resistant to this drug (Pizzillo). 

Milletari (1938), in 70 cases of malaria, confirmed the great value of this 
treatment, not only in its remarkable effect upon the splenomegaly, but also in 
the great improvement in general condition. He believes that it increases 
resistance to the malaria parasite, and this was confirmed by D. Bell in Kenya. 

Stephenson (1940) found this method efficacious in the Sudan in cases with 
enormous malarial splenomegaly. Treatment was continued for 29 days. 
Enlargements of the spleen from other causes were uninfluenced. Other observers, 
such as Casini and Marotta, have reported unfavourably. 

II. Synth KT ic Anti-Malakia Pkeparations 
Plasmoquine (pamaquin or priequine, British ; rhodoquine, French) 
(fl*methoxy-8-N (4'-diethylamino r*fnethylbiityl) aminoquinoline) is a derivative 
of methylene blue {see Table, p. 820). When given in a dosage of 0*04 grm. 
daily for five consecutive days, it has an action on the benign tertian and the 
quaitan parasites, which disappear from the blood with a rapidity equal to that 
seen with quinine ; on the subtertian trophozoites its action is not so satisfactory. 
The maximum therapeutic dosage of plasmoquine simplejc is ; 

0-fi months ..... 0 0025 grm. three times daily 

6 months to 2 years .... 0-005 „ „ „ „ 

2-4 years 0-0075 „ 

4-8 0-01 „ „ „ 

8 -10 0-015 „ „ „ 

10-15 0-02 „ „ „ ,. 

The drug is usually dispensed as tablets of 0-01 -0*02 grm. each. The maximum 
dosage is O-Ofi grm. daily. 

In all four malaria infections, gametocytes are destroyed before schizonts, so 
that crescents of the subtertian parasite (which may persist for weeks in the 
circulation on quinine therapy) can no longer Ihj found after four days’ full 
dosage with plasmoquine. The spleen is rapidly reduced in size. Especially in 
heavy subtertian infections, cyanosis, due to intracorpuscular conversion of 
hemoglobin into methiemoglobin, is sometimes noted and, in a few instcmces, 
has b^n followed by methiemoglobinuria (as in the fatal case reported by 
Blockie) ; abdominal pains are often produced, especially acute spasm in the 
left hypochondrium, which may be connected with contraction of the spleen, 
1^ Langen and Storm showed that both plasmoquine and aiehnn in excessive 
doses cause circulatory disturbances, manifested in a reduction in the blood- 
pressure ; and, when injected intravenously, 1 c.c. of 0- 1 per cent, plasmoquine 
and 1 c.c. of a 2 per cent, solution of atebrin cause a fall of both systolic and 
diastolic pressures. In fatal cases of plasmoquine poisoning acute hemorrhagic 
m^phritis and toxic necrosis of the liver occur. 

Whether plasmoquine is more apt than quinine to precipitate blachoater fever 
still und^ded and is difficult to determine on account of its tendency to 
produce toxic methiemoglobinuria. The test for determining plasmoquine in 
I ho blood and tissues is that of Nandi and Dikshit (sensitive in a strength of one 
a million). Applied to the urine it is unsatisfactory. The method is an 
application of Folin*s phenol reagent, which is added to an aqueous solution of 
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plasmoqume and rendered strongly alkaline by the addition of sodium bicar- 
bonate. A blue colour develops, slowly reaching its maximum in thirty minutes, 
and can be detected in a dilution of 1 in 200,000 by the Duboscq ciolorimeter and 
of 1 in 1,000,000 by means of a spectro-photometer. 

Parenteral injections of plasmoquine are not recommended. 

In the present war plasmoquine has been found to have a limited effect on 
malaria. 

Certuna (dialky lamino-oxyquinolamino-butane) has been reported by 
Kikuth to possess a strong gametoddal action comparable with that of plas- 
moquine. The action upon gametocytes and sporozoites is the same as that of 
plasmoquine, but its toxicity is less. Sioli gave 0-07 grm. three times daily for 
seven days with good results, and Miihlens advised doses of 0 01 to 0 02 grm. 
thrice daily for 3-5 days. It can be given safely combined with atebrin. A 
similar drug was synthesized by Schidemann under the name of ‘‘ cilional.’' 
Missiroli and Mosna gave 2 cgm. daily for six days, but stated that when com- 
bined with quinine or atebrin it provided a complete sntimalarial remedy, its 
action on the gametes of P. falciparum being equal to that of plasmoquine. 

Combinations of Quintinb aitd Plasmoquine 

Plasmoquine ~COinpouild. — ^Tbe toxic effects of plasmoquine appear to be 
counteracted by combining it with sraaU quantities of quinine. This combination 
is now known as plasmoquine-oompound and is put up in tablet form, each con- 
taining 0-01 grm. of plasmoquine and 0*125 grm. of quinine. Plasmoquine- 
compound is comparatively taxless and appears to be well tolerated by children. 
It is as effective as quinine in treating benign tertian malaria and in preventing 
relapses. In the subtertian form the schizonts do not disappear from the blood 
with such rapidity as with quinine, but the same specific action on gametocytes 
is observed. The Editor show^ed that subtertian crescents disintegrato and 
disappear from the circulation after 0*08 grm ( 1 1 gr.) plasmoquine and 1 grm. 
quinine, but with quinine alone, crescents may rtmiain visible in the blood- 
stream for twenty-eight days and after 56 grm. The following course of treat- 
ment can be carr^ out in l^nign tertian and quartan malaria. 

For an aduU : 


(1) 7 days. 

2 tablets plasmoquine-compound twice daily. 

(2) 4 

7 

„ mterval 

#» 

2 »> 

»» 


twice „ 

(8) 4 

7 

„ interval 

>* 

2 .. 

♦t 

ft 

twice „ 

(4) 4 

7 

„ interval 

2 „ 


If 

twice „ 

(5) 4 

7 

„ interval 

1 tablet 


ft 

twice „ 


Children between 4 and 5 years : 1 tablet plasmoquinc-compound twice daily. 

Children between band lOyears ; 1 tablet plasmoquine-oompomkl thrioe did}y« 

Toxic symptoms may to some extent be eliminated by the exliibitiun 
of ^acose, 1 fl. oz. daUy. 

It has been shown by the Editor that plasinoquiDe*compound in thenpentie 
doses (0-04 grm. plasmoquine daily) is a safe drag to use in beoW toiiaii. 
qnartu aodsubtertian malaria, both daring pregnancy and in the pnerpesiiim. 

Qvsnoplastnine (Chinoplasmln). Plasmoquine : qoinjiid 1 i ii • 

combination of plaamoquine with a larger propewtion of qninine ♦W in piaMno- 
qnjne-<^poand. The tablet oonuins 0-01 grm. plasmoqnine «m 1 0*8 arm. 
ar.) qninine. The doee is three tablets daily for adulta and re p re se nts a 
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otal doeage of ^ grain of plasmoquine and 15 grains of quinine. Kliger, in 
Palestine, used this preparation (five days in each month in the doses stated) 
or reducing the parasite -rate in a malarious community ; apparently no toxic 
lymptoms were noted. 

This is much the same method and dosage as was tested out by Manifold in 
[ndia in 1930 when 3J87 British and Indian soldiers were given a three weeks* * 
"ourse of plasmoquine and quinine — plasmoquine 0*02 gnu. (gr. J) together with 
1 0 gr. of quinine — every morning and evening. In sub tertian malaria this course 
W&8 followed by 0*04 grm. plasmoquine daily for five days, but the majority were 
benign tertian. It was concluded that this course was most efficacious in pre- 
venting relapses, and an advance on ordinary quinine treatment. It was possible, 
however, that in ()• I per cent, of cases an attack of black water may have been 
precipitated. 

III. Atebrin' 

Atebrin (niepacrine hydrochloride ; inepacrine methanesulphonate, 
British ; quinarrine, French ; acriqnine, Russian) (dihydrocliloride of 
2-niethoxy-6-chloro-9 (4'-diethylamino-l'-methylbutyl) aminoacridine) is a 
yellow powder wdiich dissolves in water at 40° C in 7 per cent, solution. 

Kikuth proved that atebrin exerts specific action on the schizonts of all 
the malaria parasites, but has no direct action upon gametoeytes, especially 
siibtertian. It attacks ring forms first, then developmental forms and, 
finally, if the atebrin is given for long enough, ganietocytes disappear ; 
blit, as shown l)y the Editor and Walters, exflagellation is not at any time 
affected, as it is with plasmoquine. Undoubtedly the most beneficial 
effects are seen in the treatment of heavy infections of subtertian malaria. 
I'here is also evidence that it is the safest drug when hlackwater fever 
is tlireatened, for it does not possess the haemolytic properties of quinine. 

Atebrin is accumulated in the body, as shown by the staining of the 
skin. It also accumulaU^ in the liver, spleen and reticulo-endotlielial 
system. Complete elimination is slow, and in some cases takes a month. 

A further advantage over other malarial remedioa is its comparative freedom 
from toxic symptoms, but these have been noted in some people with an idiosyii- 
c rasy, and it may cause acute abdominal pain, sometimes so severe as to suggest 
gastric ulcer. Kometiines, also, it produces a yellow disc^oloration, or staining, 
of the skin, which may 1 h» mistaken for jaundice. Atebrin pigmentation never 
(wcurs iMifore the third day, while constipation or intercurrent infections modify 
its intensity and duration ; sometimes it may persist as long as three months. 
Itecently the tablets have lunm coated with lacquer, which appears to some 
extent to obviate this drawback. In differentiation from true jaundice, acholuric 
jaundice and pernicious amemia, it should be remembered that the sclerw are 
not usually dii^loured by atebrin. Carotinfiemia is easily differentiated. 

Attention has recently been draw'n to the fact that, in some individuals, 
atc'brin in large doses acts as a cerebral excitant, and the Editor has seen a few 
patients who have experienced feelings of undue excitement. Green and Hoops 
noted the phenomenon in Malays, and Neave Kingsbury reported some twelve 
cases of psychosis in Tamils, Malays, Chin^ and Sinhalese. Some exhibited 
mild or transient psychoses, while others presented more serious symptoms 
necessitating special mental care. Kingsbury suggested that liberation of 
malarial toxhis, due to rapid destruction of parasites, has an adverse effect upon 
the cortical centres. 

Hlackwater fever may ensue after a course of atebrin, as noted by several 

* Th« gsii«mlljr-ttcvo|»t»d BrtUih noma Li mepooilne (p. 821). 
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observers. The Editor has seen one such case ; but the general impression 
prevails that it is less frequent than after quinine. 

The amount of atebrin in the blood and urine can be estimated by microohe- 
mioal methods (see Appendix, p. 1006). It is now realized that its value, both 
in treatment and causal prophylaxis, depends upon absorption, so that the 
. estimation of atebrin blood levels is important and is now the subject of intensive 
research. 

Atebrin is dispensed in tablets each containing 0*1 grm., and is usually 
given three times a day on a full stomach. The daily dose therefore 
is 0-8 gnn (4J gr.). In West and East Africa several observers consider 
that larger doses are well tolerated and more effective so that 0*6 and 
even 0*9 grm. have been given for the first and sometimes the second 
day, without ill effects as long as plenty of fluid, such as hot tea, is taken 
at the same time. Until recently it was considered that a five-day course 
of treatment sufficed to cure an average case of sub tertian malaria, but 
it is now realized that seven days may be necessary with a total of 2 grm. 
It is much safer to repeat the course, for a similar length of time, after an 
interval of a week. Several authorities during the present war consider 
that intense pigmentation of the skin is really essential to produce rapid 
cure. It is important that the tablets should be swallowed with a drink 
of milk or water, as the taste, when chewed, is intensely bitter. Atebrin 
treatment is less satisfactory in benign tertian and quartan than in sub- 
tertian cases. 

Atebrin treatment can with advantage be combined with 5-10 gr. 
of quinine hydrochloride daily. This method, which has been employed 
by the Editor, has been confirmed by Ciuca and his colleagues (1938), 
especially in severe subtertian infections. 

Shrinkage of the spleen takes place as rapidly as in quinine- or plas- 
moquine-treated cases. 

The drug is well borne in relatively large doses by pregnant women, which is 
important. The most valuable property of atebrin is its high power of preventing 
relapses. Green in 1932, tre ated 21 cases without relapse, while in a similar 
perk>d there were, 13 relapses among 34 controls treated with quinine. James 
and Nicol treated 16 cases of therapeutic (subtertian) malaria with 0*3 grm. daily 
for five days, and in only one did it fail to effect a permanent cure ; four of these 
were chronic relapsing cases which had previously been subjected to several 
courses of quinine treatment. Hoops reported that in Singapore atebrin gave 
satisfactory results both in Europeans and Asiatics ; a sense of well-being is experi - 
enced which is not noted with quinine or plasmoquine. The relapse rate, over 
a period of six months, in 803 cases made up of approximately equal numbers 
of benign tertian and subtertian infections, was reduced with atebrin treatment 
to 8’4 per cent. On the long course of quinine treatment it was 23 per cent., 
and with combined quinine and plasmoquine 20 per cent. 

Atebrin is probably equal in therapeutic action to quinine, but it is 
slower, especially in subtertian malaria ; it gradually influences the fever, 
and destroys the parasites. Nausea and headache disappear. Children 
tolerate atebrin well, and the following doses are recommended : 

Up to 1 year . , . 0*05 grm. (i.e., half a tablet) daily dose 

From 1-4 years . .0*1 „ „ „ 

^ „ . . . 0*2 

f9 ft tf 

Over 8 „ . . . O-S „ „ „ 
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For children atebrin is best given in milk, or the tablet can be con- 
veniently hidden in raisins. 

Intramuscvlar injections of atebrin are less painful than those of quinine. 
Two injections with an interval of twenty-four hours are recommended. The 
drug in a soluble form (atebrin musonate) is supplied in sealed ampoules containing 
either 0*1 or 0*3 grm., and the contents are dissolved in 3 or 9 c.c. of water 
respectively. In very severe subtertian infections, however, its action is not 
nearly so certain as intramuscular quinine and, in the Editor’s experience, it 
should not be relied upon in very severe cases. ^ 

With this strength (0*3 grm. in 9 c.c.) the dose is 


From 6 months to 2 years ..... 1 c.c. 

,, 2- 4 years ....... 2 c.c. 

♦, 4- 6 „ . . . . . . .3 c.c. 

„ 6-10 4 c.c. 

„ 10-12 . . . . . . .6 c.c. 

„ 12-15 ........ 6 c.c. 

„ 15-18 ........ 7 c.c. 


Field and Niven and Guest, comparing the action of atebrin musonate (intra- 
muscularly and intravenously) in doses of 0*3 grm. on two successive days, found 
that parasites disappear from the blood and temperatures fall to normal as quickly 
as with quinine. The contents of each ampoule should be diluted in 3 c.c. of 
water for intramuscular injection and in 9 c.c. for intravenous. Though effects 
may be rapid, however, cure is not permanent. Usually the local effects of intra- 
muscular injection are transient, but sterile abscesses have resulted. This 
method is contra-indicated in cases with severe anaemia. 

Excretion of atebrin is rapid at first, and fbis may considerably influence 
tbe concentration in the blood. Traces have been found in the urine 
within ten minutes. Excretion usually takes place in the urine (to w^hich 
it imparts a bright yellow colour) and in the faeces. It may be prolonged 
,for several week.s, the average period being 26 days. Urticaria has been 
seen in cases hypersensitive to atebrin. 

Intravenous injections of 0*2 grm. atebrin musonate have been given in 
cerebral malaria, but are not nearly so efficacious as quinine. 

The simultanco'us exhibition of atebrin and plasmoquine is not to he 
recommended y as it may cause alarming symptoms. On the other hand, 
an atebrin course followed by plasmoquine-compoimd is a rational proce- 
dure and has received commendation, especially when gametocytes are 
numerous. The following method of application is recommended : 

Seven days’ atebrin treatment followed by the administration three 
times daily, for three to five days, of 0*01 grm. plasmoquine simplex, 
or one tablet of quinoplasmine, three times daily. 

Malaria parasites undergo certain degenerative changes after the exhibition of 
both atebrin and plasmoquine. The former causes an aggregation of the pigment of 
the parasite within two hours, and sometimes pigment*free gametocytes (crescents) 
are produced (Sinton) ; the latter appears to act directly on the chromatin. 

Reports on the success of this combined treatment come mostly from 
Malaya. In Central America Connor reported that relapses were 2-5 per 
cent, as against 25-80 per cent, after quinine treatment. 

* American authoritiea disapprove of intravenous znepacriite. Hawking found that the effects of 
niepacriue diiiydrochlorido and methane sulp^nate by intramuscular injection are similar : both produce 
necrosis. Bul^taneous Injection is contra-indicated as It produces extonsivo necrosis. 
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Sulphonamides. — Both sulphanilamide and sulphanyl-sulphanilate have 
been found effective in ape-malaria, P. hnowlesif especially by intraperitoneal 
injection. Sulphathiazole in doses of 6 grm. daily, spaced in doses at intervals 
of four hours, for four days, extirpates the benign tertian parasite as effectively 
as it does P. knowleai (Pakenham -Walsh and I^nnie). Research on the more 
recent sulphonamides is now being actively prosecuted. 

Salvarsan and derivatives appear to have some influence upon 
P. vivax, but little or none on other species. Salvarsan has been employed at 
weekly intervals as an adjuvant to quinine, and in some cases it appears to act 
as a general tonic, especially when there is a superadded syphilitic infection. 

Siovarsol in 4 gr. tablets, twice daily for ten days, has been credited 
with some curative effect, especially in benign tertian infections. 

Mapharsen (meta-amino-parahydroxy phenylarsine oxide) intravenously 
may cut short a malarial attack in doses of 0*04 to 0*06 grm., according 
to the body-weight. Goldman claims that in 90 per cent, a single injection 
sufl&ces, and that it is of special value in cutting short therapeutic malaria. 

Thiobismol (sodium bismuth thioglycollate), injected intramuscularly 
in 0*2 grm. doses, exerts a definite effect upon therapeutic benign tertian 
infections (P. vivax) and produces remissions of 48 hours (p. 52). 

Quinine treatment of benign tertian or quartan attacks. 
— During a paroxysm of ordinary benign tertian fever it is better, before 
giving quinine, to wait until the rigor and hot stages are over and the 
patient is beginning to perspire, but in subtertian malaria it is wise to 
begin treatment as soon as diagnosis is established. When the skin is 
moist and the temperature begins to fall, the earlier the drug is commenced 
the better : 10 gr., preferably in solution, should be administered at th(? 
commencement of sweating, and thereafter 10 gr. tliree times a day after 
meals for the next three days, though there appears to be some advantage 
in giving it, whenever possible, in smaller doses at more frequent intervals 
— 6 doses of 5 gr. each. If the patient is constipated, a saline purge should 
bo administered before the quinine. The quinine may not always prevent 
the next succeeding fit, but it nearly always diminishes its severity ; in 
ninety-nine cases out of a hundred the second following attack does not 
develop. 1 At the same time, with a view to preventing recurrence of 
fever, the patient is directed to take, once a week, a mild saline, e.g., 
sulphate of soda in the morning, and three 5-gr. doses of quinine during 
the day, or 15 gr. in one dose. After the first week, iron and arsenic are 
given, in pill or tabloid, such as : 

Ferri hypophos gr. ii (0*13 grm.) 

Quin, sulpll. . . . gr. i (0-065 grm.) 

Acid, arsen. . . . • gr. bV (0-0013 grm.) 

Strych. sulph gr. bV (0-0013 grm.) 

Two pills to be taken at night for a fortnight. 

Anti-relapse treatment with plasmoquine-compound may be then given 
by those who prefer this method. 

Treatment of subtertian malaria.— Mild cases of malaria of the 
subtertian type, due to P, Jcdc^arum, may be treated on the same lines 
as the benign forms, with quinine combined with atebrin (see p. 102). 

* In reeistant ca«es, which have been common during the war, there should be no hosibatiou in injeeting 
quinine intramuacalnriy (see p. 97), 
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Rest is a most important factor. It is undoubtedly true that the 
malignancy of many cases of subtertian malaria observed in military 
service is due, to a great extent, to the exigencies of war. 

The sooner after infection a case of subtertian malaria is treated by 
quinine or atebrin, the more rapid the recovery and the less likelihood 
there is of relapse or development of pernicious symptoms. 

In the endemic area of blackwater fever, and in persons who have left 
the area, large doses of quinine do sometimes undoubtedly determine an 
explosion of that dangerous disease, especially in cachectics. 

Treatment of cerebral malaria . — In a cerebral attack ice-bags should be 
applied to the head at the same time as hot apphcations to the feet and 
legs ; the patient should be nursed in a semi-recumbent’position ; artificial 
feeding may be necessary. No time should be lost in injecting quinine 
dihydrochloride intravenously, the average dose being 7-10 gr. dissolved 
in 10 c.c. of distilled water or normal saline. The injection should be 
performed slowly, at the rate of one minute per grain. Subsequent admin- 
istration of 400 c.c. of reconstituted plasma or glucose saline by the 
continuous drip method, 40-60 drops per minute, helps to neutralize 
toxasmia. To bring the quinine solution into intimate contact with the 
parasites, adrenalin — 10 minims of 1 in 1,000 solution — may be injected 
intramuscularly, or sometimes intravenously. If coma does not clear up, 
intravenous quinine must be continued in doses of 6 gr. 4-6 hourly, not 
exceeding a total of 30 gr. in 24 hours. 

In coma or convulsions it must be Temembered that oedema of the 
brain and increase of cerobro-spinal fluid ensue. Therefore, in comatose 
cases which do not clear up after intravenous injections of quinine, lumbar 
puncture and withdrawal of 20 c.c. or so of cerebro-spinal fluid may givc^ 
relief. Hogan (1944) advised routine lumbar puncture in every case, if 
'only to exclude cerebro-spinal meningitis ; but the Iwo conditions may 
occur together. (Cordes performed puncture of the cisterna magna at the 
base of the brain, 50-60 c.c. of fluid being allowed to escape.) Increasing 
coma after intravenous quinine, especially if accompanied by signs of 
cerebral irritation, is duo to multiple punctate subcortical haemorrhages. 

Thomas and Sydenstricker treated cerebral malaria by giving 2-4 litres of 
Ringer’s solution subcutaneously during the first twenty-four hours to combat 
dehydration. Dextrose solution, 10 }>er cent., is given intravenously — 500 c.c. 
every four to six hours. Quinine dihydrochloride, 0-5 grm., is added to the first 
dextrose injection and re|)eated every six hours until cerebralsymptoms disappear. 

Intravenous aiebrin mmonate in doses of 0*1 to 0*2 grm. is recommended by 
German authorities, but is not so instantaneous in action or so effective as 
(juinine. 

Treatment of hyperpyrexia . — ^Hyperpyrexia must be promptly mot by pro- 
longed immersion in the cold bath, rectal injections of ie^d water and ice-bags 
to the head. At the same time quinine must be injected intramuscularly, 
or intravenously. Prompt action in these cases is of the first importance, and 
may save life. If the temperature be kept down for three or four hours the 
quinine gets time to act on the parasites crowding the capillary vessels ; but 
if the temperature be allowed to mount and to remain high the patient is 
killed before the specific remedy has a chance. A cold bath, therefore, is 
absolutely necessary. In such circumstances, antipyrin and similar antipyretics 
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are worse than useless. A good rule is to prepare to give the cold bath, or cold 
pack, if the axillary temperature reaches 106® F., axkd to remove the patient when 
the rectal temperature has fallen to 102° F. 

Treatment of malaria-infected patients on return from the 
tropics. — If quinine or atebrin is being taken when the patient leaves 
the tropics for Europe, their use, in the accustomed dose, should be systema- 
tically continued during the voyage and for a month or more after arrival. 

The importance of this practice cannot be too strongly stressed, especially 
when returning in the winter months. It has now become a routine-— 
and it is a very wise one — to administer a prophylactic course of atebrin 
(mepacrine) for five to seven days to all those returning on board ship 
from West Africa and other endemic centres. 


TREATMENT OF BLACKWATER FEVER 

Patients who are suffering from or are threatened with haemoglobinuria, 
who are in the 'pre-blackwater state (p. 77), or who have had this disease 
before should, on the slightest indication of fever, go to bed at once, keep 
the skin warm and scrupulously protected from draughts, and take plenty 
of warm fluid. If parasites are present in the blood, the patient should 
be treated with full doses of atebrin and an alkaline mixture ; if this drug 
is not available, small doses of quinine, commencing with 1 gr. twice 
daily, should be given, together with a moderate dose of calomel. Patients 
threatened with blackwater fever should not travel ; should it become 
imperative for any reason to move them, an injection of morphia should 
be given, or they may be kept under slight chlorofonn anaesthesia during 
the worst part of the journey. Burkitt in Kenya recommended intra- 
muscular injection of sodium luminal, which kept patients quiet for 
two days. The principles of treatment should be based upon the apprecia- 
tion of the underlying pathology of the condition, namely extensive 
haemolysis, coupled with precipitation of insoluble acid haematin in the 
urinary tubules, plugging with cellular debris, and consequent damage 
and disorganization. Glucose, in large quantities by mouth and intra- 
venously in 5 per cent, solution, is indicated, as it has been shown by 
Kubo and Kondo that it may prevent haemolysis of red corpuscles by 
quinine. 

As clinical evidence and certain experimental work indicate that 
suppression of urine is much less likely if the urine remains alkaline, 
massive doses of sodium citrate, either alone or with sodium bicarbonate, 
should be given until the urine is alkaline. It may be necessary to give 
as much as 1 drachm at four-hourly intervals. If the symptoms be more 
severe, intravenous injections of sodium bicarbonate, 160 gr. to 1 pint of 
distilled water, should be administered without delay (Hanschell). It is 
not advisable to inject more than one pint at a time, and it should be 
given slowly.^ 

If the urine still tends to be suppressed, caffeme citrate, 2 gr. twice in 

^ Hii«graith And HavArd (1^) claimed that intenafTe alkali treatment !• dangeroua, that it should be 
Umited aad that it shoold be oontroUed bj estimation of the alkali reserve. 



BLACKWATER FEVER : TREATMENT 


107 


the twenty-four hours, should be given as a bland diuretic. In these 
circumstances hot fomentations should be applied to the loins, or cupping 
by Fenwick’s glasses should be instituted, plenty of bland diluents admini- 
stered, and an exclusive milk diet ordered until the albumin has dis- 
appeared from the urine. High rectal lavages with hot water have a 
marked diuretic effect, while Ross, in Southern Rhodesia, advocated 
lavage of the pelvis of the kidneys by ureteric catheters. After introduc- 
tion of the catheters — a skilled manoeuvre — a syringe containing 4 c.c. of 
warm sterile saline is attached and the fluid injected and again withdrawn 
about twelve times. In the mildest as well as the gravest cases, free 
and frequent administration of fluid is a most important measure, whether 
the patient is thirsty or not, and should be insisted on from the beginning 
of the attack. When, owing to persistent vomiting, fluid cannot be 
retained by the stomach, enemata of warm physiological salt solution 
(much less irritating to the bowel, and thus far more likely to be retained 
than plain water) should be administered repeatedly, 6-8 oz. every half- 
hour or hour, and in some instances Murphy’s drip saline method per 
rectum is to be recommended. Turpentine stupes, mustard plasters and 
hot fomentations to the epigastrium are useful in controlling or ameliorating 
the vomiting ; when severe, the time-honoured resort to sips of iced 
champagne is useful and agreeable. If insufficient fluid is being absorbed 
by the mouth, resort should be had to intrarectal or subcutaneous injection 
of normal saline by the continuous drip-method. The fluid is rapidly 
absorbed, and cannot fail to be useful in washing out infarcts which plug 
the renal tubules and bring about, or at all events contribute to, suppression 
of urine. In cases with convulsions or coma, injections of 5 per cent, glucose 
solution up to two or three pints are indicated. Marked restlessness may 
require minute doses of morphia gr.) ; but the drug, of great use at 
times, must be employed with caution. For the very severe ansemia 
wliich results, intramuscular injections of liver extract, together with 
massive iron treatment by the mouth, are advocated. 

Blood transfusion has been successfully practised, and should be adopted 
in severe cases from the moment that hasmolysis commences. It has been 
shown abundantly that this is a natural procedure calculated to replace 
red blood-corpuscles which have been destroyed. Care must be exercised 
in grouping the blood, as the cells in these haemolytic states are liable 
to auto-agglutination. Repeated transfusions can be employed, as much 
as 800-500 c.c. being given on each occasion. Wherever possible, drip 
transfusion methods should be used. There is no evidence to show that 
this arrests haemolysis. With replacement of active functioning red blood- 
cells, urinary excretion is often rapidly re-estabhshed and the proportion 
of blood-urea falls to its normal level. In Southern Rhodesia, Blackie 
has stressed the great practical importance of this procedure. He considers 
it a life-saving measure and emphasizes that transfusions must be repeated 
until there is haBmatological evidence of active erythropoiesis. 

It is advisable to give atebrin throughout the blackwater attack with 
the idea of preventing any possible relapse of malaria and to forestall any 
further hamolysis. There may be, moreover, a superadded infection with 
l\ vivax, P. cmle or P. malarim^ and oases are recorded in which one or 
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other of those parasites have been demonstrated in the blood during 
convalescence. They should be regarded as concomitants, riot as the 
exciting cause of blackwater. As the excretion of ascorbic acid is increased 
in subtertian malaria and in blackwater, this vitamin should be supplied 
in full doses, together with glucose, during the convalescent stages. 

Nursing is most important in the management of blackwater fever. 
If the stomach will retain food, this should be given in a bland and fluid 
form, but there should be no attempt at forcible feeding, especially with 
rich and indigestible viands. One precaution against syncope must be 
sedulously enforced : the patient must not be allowed to sit up, much 
less to get out of bed, until food has been retained and assimilated, and 
the risk of sudden death has passed. The foot of the bed should be raised 
on blocks. 

Usually a severe attack of blackwater fever extirpates the associated 
malaria infection ; but this is not always so, and a relapse of fever with 
parasites in the blood is by no means uncommon. To guard against it, 
an after-course of atebrin treatment is always advisable. 

If possible, the subject of blackwater fever should quit the endemic 
area, and never return to it or to any malarial locality ; a severe attack, 
or a second attack, implying special susceptibility, should be regarded as 
a definite indication to leave the area. 

PROPHYLAXIS OF MALARIA AND BLACKWATER FEVER 

Anti -mosquito measures. — It is obviously impossible to wage war 
on all mosquitoes. Modern anti-malaria measures are based on the belief 
that it is more economic and effective to concentrate on the main malaria- 
carriers in each particular district — a procedure known as species sanitaiion. 
Some varieties enter dwellings and show preference for human bl(X)d and 
are said to be anthropophilicy but the majority are zoophilic and prefer to 
feed on domestic animals {see Appendix, p. 961). 

The precipitin test is employed for the precise determination of the blood, 
human or mammalian, upon which captured anophelines have fed. The stomach 
blood is squeezed out on to filter paper, and rubbed well in. The paper should 
be divided into eight sectors, and blood drops disposed at the periphery. Such 
specimens can be stored for as long as 3-4 months in a dry place. Then sensitized 
sera, suitably diluted, are placed into tubes containing 3 c.c. of saline and the 
filter-papers containing the dried blood added. A positive reaction is shown 
by the development of an opalescent ring at the point of contact ; it may appear 
at once or after incubating at 37^" C. Tubes should be inspected at ten-minute 
intervals up to one hour. Control tests should be performed. 

Other factors in planning antimalarial measures govern the principles. 
The distance between breeding places and dwellings is known as distance 
of dispersal. In the Oriental region a zone of half-a-mile radius free from 
breeding-places is found enough to protect a dwelling, but in the Ethiopian 
region this* must be more extensive. Formerly it w^as thought that, 
generally speaking, about a thousand yards or one mile between a ship 
and a mahuious shore would secure protection for the crew, but this 
does not always suffice, because Kligler has shown that, aided by prevailing 
winds, and especially during hibernation flights, the mosquitoes may 
travel five miles. 
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Killing off adult mosquitoes. — ^Light airy houses with plenty of 
ventilation, and with no dark comers, discourage the entry of mosquitoes ; 
in the tropics most of the adult insects gain entrance during the night. 
Swatting the resting insects perched on roofs or walls of dwelling-rooms 
has been found very effective against A. maculipennis var. atropamiSy 
especially in Holland. Spraying the walls with an insecticide (Pyrethrum 
— Flit) once or twice a week has been found useful in India against 
A. culicifacieSy especially during the autumn months and in cool weather. 
The ‘‘ Freon bomb,” a small round drum, containing pyrethrum con- 
centrate dissolved in dichlorifluormethane, has been evolved by American 
Army hygienists. The substance is non-toxic and non-inflammable. 
On opening the nozzle the insecticide is blown out and forms a fine fog, 
or eerosol, which is projected 6-8 feet and kills all mosquitoes in 100,000 
cubic feet. It is especially useful for ridding bedrooms and aircraft of 
mosquitoes. It is now apparent that D.D.T. is the most efflcient insecticide. 

Principles of species sanitation. — In this procedure measures are 
taken to prevent the breeding of dangerous species of anopliehs ; they 
must therefore be bas(*d upon an intimate study of the habits of each 
species. These measures may entail the drainage of swamps, if they can 
be incriminated, but they seldom can. In some cases it is more important 
to fill in holes and borrow-pits, to camber roads to prevent puddles, and 
to train the bends of streams or flush them periodically, ^larshes, open to 
the sea, can be periodically flooded with salt water which kills off the larvae. 

In some species of the Anopheles Junestus group, especially A. minimus, 
shading of streams prevents breeding but in this case the amount of 
overhead cover must be thick enough to prevent the growth of grass. 
To produce the right degree of shade, lantana (L. acukata), basak {Adhatoda 
v^asica), and duranta {]). plumieri) have been found suitable in northern 
districts of India, mugwort (Artemisia tndgaris) for tea, coffee, cardamom 
and rubber estates in the south. 

To prevent mosquito breeding in streams and waterwaySy it is necessary to 
get as even and swift a flow as possible without eddies or backwaters. The 
stream should be canalized, that is to say, the sides should be sloped at an angle 
of 45 degrees. Embankments should be lined with large stones and the vegetation 
cleared from the edges. Ihiring the monsoon it is especially important to 
prevent the formation of pools after the subsidence of extra high flood. A 
stream thus treated is practically self-sterilizing, except w ith a species of ano- 
pheline such as A . maadatus^ which is specially adapted for life in rocky streams. 
If necessary, canalization should be supplemented by oiling. Subsoil drainage 
can bo employed in place of canalization and, indeed, forms an important feature 
of estate sanitation in Malaya. Flushing streams with automatic ^phons is a 
modem method. 

SeepagCy or infiltration of water through bunds or dykes at the bottom of a hill 
foot, usually forms a fruitful breeding-ground for anophelines. Munningsvximps in 
the course of a stream in level country may form dangerous breeding-spots. They 
can be dealt with by oiling or Paris green. Borrow-pitSy formed usually in the 
process of railway construction, may , when several yearsold, form suitable breeding- 
places. Tanks, in India and Ceylon, are seldom dangerous, but, if the margins 
are much overgrown with vegetation, certain anophelines may obtain a foothold. 

Rice fields are dangerous when the water is kept in continuous motion through 
the fields ; uncultivated plots in terraced fields that are allowed to become 
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flooded are especially so. In Java the drying-ofif of the flelds throughout a 
tract on one day each week has been made obligatory and is efficacious without 
apparently damaging the growth of the rice. To the inexperienced eye there 
might seem enormous potentialities for breeding anophelines in paddy flelds, 
but the fields themselves are not always so much to blame as irrigation ditches. 

Mangrove stvamps, especially in the Andaman Islands and West Africa, are 
associated with virulent malaria due to the breeding of certain species of 
anophelines, especially A. ludlom (sundaicua), and A, gambias, var. mela^, in 
sali^ water. Sunlight also is necessary for the development of these larvae. 
Thus, the dense virgin mangrove forest is headthy so long as it is daily traversed 
by tides ; but when trees ane cut down, or when bunds are constructed to interfere 
with tidal movements, and derelict pools are formed which are gradually diluted 
by rainfall to a suitable salinity, the breeding of amophelines takes place. 
Dtainaige is difficult at sea-level unless there is a big tidal range. In Malaya, 
owing to the sixteen^foot drop in the tides, it has become possible to install 
automatic sluice-gates to the bunds. 

Smaller coUectiona of water, if overlooked, may constitute a grave danger. 
A sagging gutter may hold enough water to support large numbers of larvee ; 
moreover, a good d^ of atmospheric moisture is condensed upon the roofs 
of tropicsJ bungalows so that the gutters are constantly being replenished even 
in the absence of rain. Holes in rotten trees may br^ a limited number of 
anophelines; indeed one European species, A. plumbevSt breeds exclusively 
in this situation. In tropical Africa, A. gambiaa^ the most active vector in 
the world, breeds in collections of water, small or large, of the greatest diversity. 
The most trivial road puddles, hoof marks or seepages may contain larvae, as 
well as the larger collections. WeHa are a certain source of trouble where they 
are built within native houses and where, in the absence of light, species of 
anophelines have adapted themselv^. In Palestine and Macedonia they have 
been found to be the main breeding-place of A. daviger,* 

Oil. — Oiling kills mosquito larv© probably in several ways, but mainly 
by suffocation and its toxic action. The rapidity with which larvae die 
depends upon the volatility and toxicity of the oil. Its spreading power 
can be improved by the addition of 1-2 J per cent, of castor or coco-nut 
oil. In Palestine Kligler found the most effective mixture to be 1 part of 
crude oil to 4 parts of kerosene, with the addition of 0* 1-0-2 per cent, 
castor oil. Anti-inalaridl oil (A.M.M.) is a mixture containing diesel oil, 
solar oil and kerosene put up by the Asiatic Petroleum Co. Diesel oil is 
unrefined, and is added to give a lasting effect. Malarial is an approved 
mixture of petroleum with which a film is formed on the surface of the 
water. This is attained by allotting 2,750 sq. ft. to the gallon. By spraying 
the banks with this substance the grass may be destroyed, so tlmt side 
pools and seepage are exposed. Waste motor oil has been used extensively 
in America. Pesterine is another mixture of oils, prepared by the Burmah 
Shell Oil Co, Liquid paraffin has been used by Swellengrebel and others 
in Holland. An almost colourless oil, it costs about £1 per cwt., and it is 
claimed that its effects are not vitiated by wind or rain, that it does not 
evaporate, is not toxic to fish, and that it does not prevent mosquitoes 
from ovi-positing. 

Petrol, in the proportion of 24 oz. to every 80 sq. ft. of surface, is recom- 
mended for wells and tanks. It is claimed that larvm are immediately 
destroyed and that the taste of petrol disappears in three hours. 

* Formerly l^nown m A, bifurcalvs. 
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The following conditions are postulated for anti-larval oils as far as 
film stability is concerned : 

(1) The main point should be quick penetration of the respiratory siphons 

of the larvfle — ^in not more than ten minutes. 

(2) The oil s|;iould exert a direct toxic action on the larv® and should change 

the flora of the streams. 

The oil may be applied to the water in several ways. Spraying consists 
of forcing the oil under pressure through an atomizing nozzle from a 
special machine. Of the various patterns, the Kent ” sprayer best suits 
the capacities of the tropical labourer. Sprayers should be fitted with 
leather or fle;xible metal adjustments, as petroleum oil perishes rubber in 
a few days. For road-side ditches oil carts may be used, but for all 
purposes the knapsack sprayer is the most adaptable. The best oil for 
the purpose is a heavy oil which will issue from the sprayer as a fine cloud 
and spread uniformly over the water. Oil swabs, or cot ton- wool steeped 
in oil and weighted down by a stone, when thrown into water are ideal 
for rock springs and running streams. Balls or “ guddas ” may be made 
of tow or sacking weighted with stones, and, after being soaked in heavy 
oil, are thrown into pools. The oil gradually oozes out and comes to the 
surface. A “ gudda ” is shaped like an ordinary pillow and is 28 in. long 
by 16 in. broad. It is made of sacking and will soak up about two gallons 
of oil and last about three months. In certain malarial districts in the 
United States oil-soaked sawdust has been found to give a more complete 
and permanent oiled surface, and this has the advantage of being easily 
transported. The oil gradually exudes and spreads as an even film over 
the surface of the water. In Panama drip cans and barrels are used from 
which the oil constantly drips from cork wicks or through holes from 
which nails project, but their value as an oiling agent is less than that 
of sprays. Oil must be applied at seven-day intervals. 

Paris green is copper aceto-arsenite and, in the quantities used for anti- 
mosquito work, is harmless to other forms of life ; the particles are eaten 
by the anopheline larvae and act as a direct poison ; culicine larvae are 
not affected in the same manner as the surface-feeding anophelines ; fish 
are not killed. The powder should be intimately mixed with one hundred 
times its weight of finely-sifted dry road-dust, soapstone or powdered 
charcoal, and sown by hand, down wind, over the water at the rate of 
170 grains of Paris green per ten square feet of water surface. The length 
of time the particles remain afloat depends upon the surface tension, and 
the more plentiful the vegetation the greater this is. In America (western 
Tennessee and northern Alabama), dusting machines have beei^ invented 
for this purpose, and in large marshes the services of aeroplanes have 
been called on ; they fly at a speed of 60 miles an hour and at a height 
of 25-200 ft. One plane can cover 20 square miles a day with this sub- 
^’tance, and an automatic distributing machine is now used. The water 
‘•urrent effediually aids in spreading the dust in a canal up to 8 ft. deep, 
l^aris green was the principal larvicide used in the great and successful 
c ampaign against A. gambice in Brazil. ‘ 

AnopheUs qmdrimacuhtus is the species most easily controlled by this method. 
The aeroplane designed for the purpose is a Stearman, model 4-D, open biplane 
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with a 300 h.p. motor. The special equipment consists of a plywood hopper 
of 21 cubic feet capacity installed in &ont of the pilot's cockpit, so as to place 
the dust load as near the centre of gravity as possible. The cost of operating 
. a dusting aeroplane works out at $40 per hour. Thirty- three acres per minute 
can be treated for $0,367 per acre, but perfect dusting weather conditions do 
not always occm. Aeroplane dusting for anopheles control on impounded 
waters is practiced, effective and economic. In India, Brasier-Creagh advocated 
the D.H.83 Fox Moth as the most suitable machine, with structural modification, 
including a hopper and a Ventura tube. The pilot should wear a canvas suit 
and gas helmet. The cost works out at two to three shillings per acre. 

Greenglidey a preparation made by Craven & Co., Evesham, has an 
advantage over crude Paris green in that it will float for weeks. Its 
composition is : 

Arsenious oxide . . . 65'37 per cent. 

Copper oxide .... 31*12 „ 

Water-soluble arsenic . . 1*00 „ 

Copper sulphate is especially useful in tanks where water is stored for 
drinking purposes and where sheets of algae are sheltering larvae. Its 
action is not direct upon the larvae themselves, but is one of starvation 
by killing off their food supply. 

The prevention of mosquito breeding in uncovered and unscreened wells 
has peculiar difficulties. Oiling water with petroleum is apt to mar its 
taste. Williamson has recommended the liberation of gases and vapours. 
Paraformal (3 oz. per square yard) vaporized at the bottom of a three- 
foot shaft will kill anopheline lar\^£e in half an hour. Sulphur dioxide 
acts by acidifying the water. When using gases, wells should be closed, 
and for this purpose a portable parachute to be lowered into them has been 
devised. 

Larvivorous fish of some suitable local or well-known foreign species 
can be introduced. A favourite is the “ millions ” (“ Millioris-fish ” ; 
Lebistes reticulatus of the Indies), or “ top minnow,” Gamhuskiy which is a 
surface feeder, capable of withstanding heat and cold, and also viviparous 
and cannibalistic. In pools, weeds must be cut away to give the fish access 
to the larvae. This method is efficacious in temple wells and pools in 
Bombay against A. stephensi, and in the Adriatic Islands against A. 
maculipennis. 

Mosquito -netting. — Mosquito-netting should contain 25 to 26 hok« 
to the square inch (b'ig. 11). The best is known as ” bobbin ” netting, 
woven of BO’s cotton (by which is meant that 1 lb. of the thread will 
reach 30 times round a circumference of 840 yards). The square inch of 
the trade does not correspond to that of the mathematician ; it means 
that the count is made along two lines of holes which fall within the 
opening of one inch square. Therefore, there are some 150 holes to the 
square inch (Fig. 12). 

The main points in efficiency are that the holes should not 1^ too large ; 
that the net shotild not be so narrow as to permit knees and elbows to be bitten 
through the netting, and that the sides should be deep enough to be tucked in 
securely. When two single beds are used occupants can be protected efficiently 
as follows: — The beds are placed close together and the intervening space 
covered with a single sheet, placed immediately over the mattress and beneath 
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Fig. II. — Mosquito-netiing, 25/26 holes to the sq. inch. 

(MacArfhur, Jl. R.A.M.C ) 


the other two sheets. The net itself should be suspended from the framework, 
or attached by ta|^ to rinp hung on three wires and stretched across the room. 
When a mosquito is found inside the net ibcan be destroyed with ease by passing 
a lighted candle downwards about three inches from the insect when it will 
fly back into the flame. If the edges of the net are not tucked in, they must 
be so weighted that they touch the floor, so that the insects cannot crawl 
underneath. 

During the daytime the net should be rolled up so that it contains no mosquitoes 
when set up for the night. Light attracts niosquitoes ; for this reason blinds 
should be drawn down before turning on the light. 

Mosquito boots of soft leather or canvas — or 
Wellington boots — protect the ankles and legs 
in the evening ; for ladies, a pillow-case drawn 
up over the legs and feet is a useful precaution. 

Anti’Tuosquito veils and gloves (or gauntlets with 
sleeves) are used to protect soldiers and others 
on night duty. 

Mosquito repellents. — Fumigation, Chinks 
in doors and windows should be closed ; one 
window only should be left uncovered, and a 
white sheet should be placed on the floor in 
front of it. The mosquitoes, being stupified by 
fumigation, will fall on the sheet and then can 
easily be seen, swept up and burned. For this 
purpose various substances have been recom- 
mended, of which pyrethrum powder is pro- 
bably the most effective. Pyrethrum powder 
(Pyreihri flares) is made from the dried flower- 
heads of the pyrethrum. It forms the chief 
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ingredient of many insect powders and sprays {e,g. Flit). The powder 
may be used dry and puffed into the air of the room.^ For domestic use a 
handspray is necessary, but in dormitories and barracks a proper 
nebuhzer is advisable. 

Many proprietaiy sprays are on the market, most of them having a basis 
of kerosene oil and pyrethium. The following may be mentioned : Phantomyst, 
Flytox, Shell-tox, Desquito, Whiz, Flyosan, Fly-ded, Necrosene, Rids. 

The cost of these preparations is so ^h that most sanitarians use a locally- 
prepared mixture, such as that -of Brug and Van Slootbn (a mixture of kerosene 
with 2 per cent, of carbon tetrachloride) known as “ rids.” Sprays of this nature 
must not be used in the vicinity of naked lights. There is usually a very con- 
siderable movement of anopheles in and out of buildings, so that spraying must 
be repeated at frequent intervals (3-4 days). The formula of several sprays 
is as follows : 


(1) Army Fly Spray : 


Ext. of pyrethrum . 

1 part 

Kerosene . 

64 parts 

(2) For aircraft : 


Army Fly Spray 

40 parts 

Lethane 384 special . 

3 „ 

Kerosene . 

. • . . . 97 „ 

(3) Oil of wintergreen 

1 part 

Kerosene . 

.99 parts 

(4) Carbon tetrachloride 

2 parts 

Kerosene 

^ . . . . 98 „ 


Recent experience suggests that spraying clothing and 
mosquito nets with dimethyl phihalaie is likely to prove most 
efficient. 


For personal use many oils and ointments have been advocated ; they are 
smeared on the hands and face. The proprietary preparation known as Sketofax 
is recommended by many. Bamber oil has a big reputation ; this consists 
of oil of dtronella 1^ parts, kerosene 1 part, coco^nut oil 2 parts, made up with 
1 per cent, carbolic acid as a preservative. 

As oil of citronella, used as a mosquito-repellent, often irritates the skin, 
the following formula (Army official anti-mosquito cream) has been found to be 
effective, it acts as repellent for IJ to 2 hours, but is greasy and dirty ; it rubs 
off quickly. 

Oil of citronella 20 per cent. 

Paraffinum molle 63*25 „ „ 

Piaraffinum durum 26*75 „ „ 

The paraffin should be melted and other constituents then 
added. The mixture being well stirred, it should be bottled 
• and cooled rapidly, preferably by placing the bottle in a basin 
of cold water. It is also useful for sandffies. 

Stearin cream gives 97 per cent, protection for eight hours. It is not greasy 
but is unstable. 

Ste««n 16 per cent. 

Wuter 69 „ „ 

Glycerin 4 „ „ 

33 per cent, ammonia in water .0*9 „ „ 

Pryethrum extract 2% total pyrethrins . * 10 „ „ 

* For forther details the reader i« referred to “ Malaria Control by Anti-rnoeotiito KoMurM." by Gordon 
OoToU. Thacker, Spink a Co. uy vrunwH 
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New American prepcvraliona : 

(a) Indalone 25 per cent, in arachis oil, applied with sprinkler container. 

(b) Dimethyl phthalate : liquid oil used neat as vanishing cream ; protects 

1-2 hours : considered a most excellent repellent. 

(c) Rutgers 612 ; popular in America. 

(d) D.D.T. (dichlordiphenyl triohlorethane : this can be used as a larvicide 

and as a spray against adult mosquitoes. ^ It is made by heating together 
chlorbenzene, chloral and sulphuric acid, and seems very effective. For 
further information see p. 233. For killing adult mosquitoes the spray may 
be mixed with pyrethrura. A solution may be applied to interior walls 
or incorporated with paint. For larvae, 5 per cent, solution is active — 
2 quarts per acre for local spray and ^ lb. per acre for spreading by 
aircraft. The chief advantage lies in its residual action. Much more 
work on dosage is necessary. Its action appears to vary with species, 
subspecies and conditions, so that each district requires separate con- 
sideration. 

These all act as repellents against other insects, including Trombicvla. 

Burning incense sticks, such as Katol, tends to keep mosquitoes away. They 
are especially useful under tables where mosquitoes congregate. 

The irritation of a bite may be allayed by rubbing the puncture with a moist 
cake of soap, or by applying 1 per cent, alcoholic solution of menthol, or a 1 : 20 
carbolic solution. Hydrogen peroxide or weak ammonia solution is also useful. 

A dilute solution of magnesium sulphate, 1 ounce to 10 ounces of water, 
applied to the skin is said to act as a preventative against mosquito-bites ; 
it has the advantage of being cheap and not irritating. The juice of a fresh-cut 
lime fruit rubbed well into the skin and allowed to dry is an excellent preventative. 

These measures are undoubtedly of some value, but they are tedious and 
sometimes disagreeable to apply, and must only be looked upon as adjuvants 
to other measures to protect from mosquito-bites. 

Chemoprophylaxis of M.vlaria 

Quinine is regularly taken in most tropical countries as a prophylactic 
or suppressive of malaria, and, though it has considerable' value, the 
protection afforded cannot be considered absolute. Celli’s figures for the 
relative value of prophylactic measures are as follows : 

Mosquito protection plus quinine prophylaxis 1 *76 per cent, infected 
Mosquito protection alone 2*5 „ „ 

Quinine prophylaxis alone 20 „ „ 

No protection at all 33 „ „ 

Under war conditions quinine prophylaxis has not proved sa4)isfactory, 
so that with troops in open warfare it should not be solely relied upon, 
but it may be the only protection possible. 

Five grains of quinine hydrochloride, preferably in hquid form, should 
be taken at sundown, some two hours before retiring, during the malaria 
season, or, according to Koch’s system, 15 gr. twice weekly, or on two 
consecutive days over the week-end. In regular quinine- takers the 
clinical phenomena of subtertian malaria are mitigated and the chances 
c)f developing black water fever thereby reduced. In the present war the 
dosage recommended above is considered insufficient ; 10 gr. daily is 
now advised, to be commenced on enh^ring the hypt‘rendeinic area and 
continued one month after leaving. 

Experimental soientiffo evidence of quinine prophylaxis is not so satisfactory. 
Thus, Yorice and Maofie showed that sporozoites injected by an infected mosquito 
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are not harmed, even when the patients are taking 30 gr. of quinine daily. 
Isieither does quinine appear to have any direct action upon plasmodia in the 
trophozoite stage. M^ens and Kirschbaum mixed malaria blood with a 
solution of quinine, 1 in 10,000 (left in contact for twelve hours), and were still 
able to infect a volunteer by direct inoculation. Anopheles maculipennis 
developed malarial oocysts after feeding on a malaria subject who was on full 
doses of quinine. 

Plasmoquine. — The fact that plasmoquine attacks the gametocyte stages 
of plasmodia raised hopes that it would prove the ideal prophylactic. Under 
experimental conditions James has shown that the incubation period of benign 
tertian malaria can be postponed by this method from three to six months. 
The amount of this drug necessary to prevent infection ranges from 0-06-0 08 
grm. daily, and this must be given at least three days before and five days after 
the infecting bite ; these doses are near the toxic limit and cannot be well tolerated 
in tropical countries. 

Qllinopla8niilie,0’02 grm., twice weekly to adults and proportionately less 
to children, was claimed by Mosna to reduce the general morbidity and incidence, 
especially amongst small children. 

Atebrin (mepacrine hydrochloride, quinacrine), in doses of 0-3 gnu. 
daily, taken over a period of 5-7 days before being bitten by infective 
mosquitoes, appears to exert an influence on the sporozoites, and the 
incubation period of a malarial attack may be -considerably prolonged 
(to thirty-seven weeks, James and Shute), though in larger doses Shnte 
has now shown that it either prevents penetration of sporozoites or 
destroys them when they have once entered the skin. This method is 
now known as causal prophylaxis. To be completely effective the doses 
are considerable, and range, in the experiments so far recorded, from a 
total of 6-8 grm. over a period of 22 days before, and 30-60 days after 
exposure to infection. 

Clinical or suppressive chemoprophylaxis. — Under field conditions 
weekly doses of 0*4-0 *6 grm. of atebrin are considered sufficient and do 
not interfere with the general health. Some prefer to take it in one 
dose of 0*2 grm. on Wednesday and a similar dose on Sunday. 

Ciuldren may be given weekly : 

Up to 2 years . . 0*05 grm. (half a tablet) 

2-4 years . . . 0*075 „ (three-quarters of a tablet). 

5^8 years . . .0*1 „ (one tablet) 

Over 8 years . . 0*2 „ (two tablets) 

The reports on this method of suppressing clinical malaria in Malaya 
have been encouraging (Hoops). In West Africa Hill advocated 
daily doses of 0*1 gnn., with the exception of Sundays, taken prophylac- 
tically as a protection for British troops ; ill effects were not noted 
and the protection was good. It should be commenced kt least one 
week before entering the endemic area and continued for one month 
after leaving, and this course is now recommended as superior to quinin^». 

That atebrin acts as a causal prophylactic in malaria can be judged by : 

(u) the continued absence of clinical syjriptoms of malaria. 

(b) the continued absence of malaria parasit(?s in the peripheral blood. 

(c) the stability of the haemoglobin index, in spite of exposure to 

malarial infection. 
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.Much recent information on atebrin prophylaxis cannot yet be published. 
Tlie important factor is the atebrin level of the blood ; to be effective, this 
sliould be between 25 and 30 microgrammes (y) per litre of plasma^ ; 
or 2*5--3y per 100 c.c. ; 25 c.c. of blood are required for the test. Under 
active service conditions in troops, this level is much influenced by sweat- 
ing, or by too rapid elimination in the urine. It seems that, when once 
the level has been low'ered, malarial infectfon can break through, and 
parasites appear in the peripheral blood in large numbers, but if atebrin 
is then given in therapeutic doses (0*6 grin, initial dose, followed by 0*3 grm. 
daily), the trophozoites once more disappear. But it has still to be settled 
whether in suppressive doses atebrin is invariably harmless under con- 
ditions of active service. Some military authorities have asserted that 
it may give rise to debilitating diarrhoea or abdominal pain, which it does 
not do under more sedentary conditions. There is no evidence that the 
administration of atebrin in suppressive doses (0*6 gnn. weekly) for a 
period up to one year causes liver or renal damage. 

General considerations. — Clark and his colleagues, as the result 
of ten years’ experience in drug prophylaxis in Panama, considered that 
even when atebrin, quinine or plasmoquine are given to all persons found 
infected at monthly surveys, it is impossible to eradicate malaria parasites 
entirely, or even reduce them to a point at which transmission is greatly 
lessened. Drug prophylaxis, conducted in this manner, is powerless to 
prevent epidemics if unusually large numbers of anophelines are present, 
hut severe clinical malaria can be almost^ eliminated. Field and Niven 
remarked upon the rapid reappearance of chnical malaria after suspension 
of prophylactic drugs, especially in Indian labourers, and they concluded 
that effective drug prophylaxis is not consistent with the acquisition of 
effective immunity. 


, (y = O'UOOl ifrm. 



CHAPTER IV 


HUMAN TRYPANOSOMIASIS 

Definition. — Diseases produced by parasites of the genus Trypanosoma, 
characterized by irregular and chronic fever, skin eruptions, local oedema, 
adenitis, physical and mental lethargy, and sometimes death. The 
trypanosome is spread by the tsetse flies {Ghssina) in Africa, and by 
winged bugs {Beduviidoe) in Central America. 

The» trypanosomes are blood parasites which are widely distributed in 
animals, especially in big game, in the countries in which these diseases 
occur. These animal hosts act as reservoirs of the trypanosomes which 
cause disease in man. The geographical distribution of human trypano- 
somiasis is shown in Map I ; that of the African forms in Map II. 

I. AFRICAN HUMAN TRYPANOSOMIASIS 

History. — Human trypanosomiasis, or sleeping-sickness, has been known 
for well over a century, but it was not until some forty-two years ago that the 
pathogenic cause was definitely recognized. In 1901 Foide encountered a 
trypanosome in the blood of a European suflering from fever in Gambia. In 
1902 Dutton found a similar organism in the blood of a native of that colony, 
and suggested the name Trypanosoma gamhiense for the parasite. In 1903, 
C. J. Baker recorded the presence of trypanosomes in the peripheral blood of 
natives of Uganda and associated their presence with that of the tsetse fly. Later 
in the same year trypanosomes were found in the cerebro-spinal fluid as well as in 
the blood of sleeping-sickness cases in Uganda, and were proved to he the cause of 
all the manifestations of this disease by Bruce, Nabarro and others ( Fig. 14.) What 
is believed to constitute a separate species, T. rhodesiense, was recognized by 
Stephens and Fantham (1910), and this form has a distinct geographical dis- 
tribution. 

Gambienbe Sleepino-Sicknebb 

Geographical distribution (Map II). — The distribution of this 
disease corresponds roughly with that of the tsetse flies, Glossina palpalis 
and G. tachinoides. It is found in scattered areas on the Gambia, in 
Sierra Leone, the Gold Coast, Nigeria, Cameroons, the Southern Sudan, 
and Uganda ; but its main stronghold is along the waters of the Congo 
and its branches. In the Sudan an endemic focus existed in the Bahr-el- 
Ghazal Province, but has greatly diminished in extent, though Glossina 
palpalis is found in a belt, 1,000 miles long, ranging towards Darfur. The 
most southerly focus in Africa has been found in the Okavango and Chobe 
swamps in Ngamiland, on the borders of the South African Union. The 
League of Nations stated that over a million cases of sleeping-sickness 
are treated every year. 

i^dology. — Neither age, sex, occupation, nor race per se has any 
influence on the susceptibility to trjrpanosome infection, except in so far 
as those factors conduce to opportunity. Thus, Schwetz found a baby 
of twenty days old infected in the Belgian Congo. Occupation (boatmen, 
fishermen, water-carriers) conduces to infection, if it entails freqflenting 
the waterside haunts of the glossina. In common with other trypanosomes, 
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r. gambiense' (Fig. 18), as seen in fresh blood, is an active, wriggling 
organism, having a spindle-shaped body which is slightly compressed 
laterally and spirally twisted. Dividing forms are sometimes met. 

There is no uniformity in the number of parasites in the blood : some- 
times they are fairly abundant, one or two in each field of the microscope ; 
at other times, and 4n the same patient, it may be difficult or impossible, 
even after prolonged search, to find a single specimen ; in some instances 
they tend to recur cyclically at intervals of a week or more. On the 
whole, although with exceptions, the 
parasites are most abundant in the 
blood during the febrile attacks. 

Apparently the blood is not their 
only or their principal habitat. They 
are usually found easily in enlarged 
lymphatic glands, and have been seen 
also in the cerebro-spinal fluid, serous 
cavities, and in the substance of the 
solid organs, including the brain, 
where they are distributed through- 
out the tissues outside the blood- 
vessels. 

The parasite may be cultured on 
N.N.N., or better still the Razgha- 
Reichenow medium {see p. 1017). It can 
usualh^ be inoculated into most mam- 
mals, including all the ordinary domes- 
tic and laboratory animals, and is 
especially pathogenic for the rat, but 
shows considerable variations in viru- 
lence. Monkeys, especially Erythrocebus Fig. 13.— Life cycle Trypanosoma gam^ 

pojlasy and dogs are susceptible, while Inemcsn^ T. rkodesieme. {After C, A. 
amphibia and reptiles are immime. Hoare.) 

Inoculation of susceptible animals may 

be used to demonstrate the parasites stumpy fonn; 4. stumpy form with posterior 

when they occur in very scanty num- stag® m th.. teat* fly (trypauosnm,. 

bers in the peripheral blood, and is forms ft, in atomnch, and O, in proventricuJus ; 

sometimes successful in those rare 

oases where they cannot be found after Bed biood-corpuscie drawn to scale, 
careful microsoopioal examination. 

As shown by Laveran and others, these trypanosomes undergo agglomeration, 
both in blood and in artificial cultures, when exposed to unfavourable biological 
conditions. 

How long a trypanosome infection may persist in the human body has not 
been definitely determined, but there is direct evidence that it may continue 
for many years. From what we know of the incubation period of sleeping- 
sickness, it is not improbable that this period may extend to seven years or 
longer. 

Transmission, — T. Gambiense is not usually transmitted hereditarily in 
human beings, although the organisms have been found in the placental 
blood of infected rats, as well as in the livers of their embryos, but as in 
malaria and kala-azar, intra-uterine congenital transmission has 
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occasionally been noted, and in Germany there is a record of one case 
in a European child bom in Hamburg (Miihlens). 

In the French Congo, Darr^ and his colleagues recognized hereditary trypanoso- 
miasis and demonstrated trypanosomes in the oerebro-spinal fluid of a child born 
of an infected mother. David and Pape (1942) described two cases in the French 
Cameroons where transplacental transmission was established, trypanosomes 
being found in the blood of the infants as well as in that from the umbilical cord. 

RSle of the tsetse fly as transmitting agent . — There is no evidence that 
biting flies other than the tsetse are concerned in the spread of human 
trypanosomiasis, but there are apparently two methods by which this fly 
is able to transmit trypanosomes : (1) cyclical, and (2) mechanical. 

(1) Cyclical transmission . — As originally demonstrated by F. K. Kleine 
in 1909, T. gambiense undergoes an endogenous cycle of development in 
the circulating blood of the vertebrate. Certain short forms are regarded 
as the adult or metacyclic type, and they alone are responsible for carrying 
on the exogenous cycle. When ingested by the fly trypanosomes first 
multiply in the mid-gut ; if the contents of the intestine at this stage 
are injected into the susceptible animal, they do not convey infection. 
Aft-er a cycle of development, lasting 12-20 days, the infective forms 
of trypanosomes congregate in the salivary glands. An important part 
is played by the peritrophic membrane lining the gut of the fly. (For 
further details, see p. 855.) 

There is no doubt now that transmission ordinarily occurs through the 
bite of infected flies, trypanosomes passing through the salivary duct as 
do the sporozoites of the malaria parasite. The adaptation of T. gambiense 
to G. pcdpalis is remarkably specific. In Western Nigeria and in certain 
districts of the Gold Coast, however, Glossina tachinoides is naturally 
infected and is mainly responsible for epidemics of sleeping-sickness in 
those countries. There is no evidence that the tsetse can transmit the 
trypanosome to its offspring. 

Van Hoof, Henrard and Peel found that the index of cyclical trans- 
missibility of trypanosomiasis on the Congo can be calculated by the 
formula : 


I = 


g nxlOO , 

• X — jv- where— 


I = index of cyclical transmissibility. 

g = number of glossina with trypanosomes in salivary glands. 

f = number of glossina which after the fifteenth day of the experiment were 
found to harbour trypanosomes. 

n = the total number of glossina found during the w'hole experiment. 

N = number of glossina dissected during the experiment. 

The mean index of transmissibility for the Congo is J-eS ; the index of 
infectivity is 6-17, and the metacyclic index is 0-61 per cent. 

(2) Mechanical transmission— Duke, in Uganda, siiggt^ted on epidemio- 
logiral grounds that mechanical transmission by the glossina of a virulent 
strain of T, (latnbiense from man to man might be responsible for some 
epidemics. 

Beservoir-hosUi. — In the plateau province, Northern Nigeria, Taylor 
found that, in the absence of game and suitable aquatic reptiles, which 




I, Parasites enclosei.1 in endothelial cells in film from spleen 
puncture, stained with Leishman. 2, Free forms from spleen. 

Blood- platelets in same film for comparison. 4, Parasites 
enclosed within splenic pulp cells, as seen in section, stained 
with hasmatoxylin. 5, Parasites in histiocytes and endothelial 
cells in intestinal mucosa. 6, Diagram of Leishman- Donovan 
body, highly magnified. 
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form normal buffers, the fly feeds for the most part on man. Shade, 
which is only found near villages, is also important. These two factors 
combine to bring man and fly into close contact, and the rate of trypano- 
some infection of the fly is correspondingly high. In Uganda the same 
conditions obtain. Wild game may sometimes act as reservoirs. It has 
been proved that eleven common species of antelope (bushbuck, reedbuck, 
and wat^rbuck) can be inoculated with T. gambieme by subjecting them 
to the bites of experimentally-infected tsetse flies ; furthermore, it has 
been established that certain marsh-haunting antelopes, especially the 
situtunga — Speke’s antelope {TAmmtragus sfehei ) — are commonly infected 
under natural conditions with T. f/ambteme. Thus, Duke found that they 
remained infected in the islands of Victoria Nyanza four and a half years 
after the evacuation of the human population. 

Domestic stock must be now considered as a reservoir of infection for 
man, since T. gambieiwe has been found by various observers in oxen, 
goats and sheep. Van Hoof stated that in the Belgian Congo domestic 
pigs form ideal reserv^oir hosts, but show no obvious ill effects themselves. 

Pathology. — The chief lesions are in the lymphatic glands of the 
neck, submaxillary region and mest^ntery and in the central nervous 
system. 

Central nervous system . — Typical pathological lesions are seen only 
when pathogenic trypanosomes have invaded the central nervous system. 
No gross lesions of the nerve centres are present, but there is progressive 



Fix. 14.— SectiM of brain in sleeping-sickness, showing round-cell infiltration fllling 

perivascular space. (Dr. A. C. Stevenson, ** Trans. Roy. Soc. Trap. Med. and 
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chronic leptomeningitis, especially in the Virchow-Robin space (where the 
pia runs alongside the blood-vessels and the fluid acts as lymph), and also 
on the vertex (Dtirck’s nodes). 

The dura may be adherent to the skull and to the arachnoid. The 
brain itself is congested and oedematous, the surface smooth, with con- 
volutions flattened by increased pressure. The consistency of the brain 
tissue is unaltered, except for softening around any heemorrhages that 
may occur. The ventricles are distended with fluid. In all cases there 
is perivascular lymphatic tissue (perivascular cuff) throughout the brain 
tissue and meninges, varying in amount and in different anatomical 
regions (Mg. 14). The invading cells are glia cells, lymphocytes, the 
morula (Mott) and Marshalko cells. The two latter types are degenerative 
plasmocytes. Morula cells stain deeply, with unilateral oval nucleus 
and vacuolated protoplasm ; Marshalko cells are large plasma cells with 
a blue polar zone round the nucleus, with surrounding halo and acido- 
philic protoplasm. 

As originally demonstrated by Wolbach in experimental animals and 
by Stevenson in man, in advanced cases lesions in lymphatic glands and 
in brain are caused by invasion of the solid tissues by trypanosomes 
which have migrated from the bloodstream. In the brain they have 
been found mainly in the frontal lobe, pons and medulla, aggregated 
together in masses or nests without definite relation to blood-vessels. 
(Mg. 15.) The organisms also invade the cerebro-spinal fluid ; they enter 
the c-anal from the choroidal plexus where they congregate, as Peruzzi 
has shown, in active stages of division. Optic atrophy due to trypano- 
somiasis has been record^. 

The essential pathological features of cerebral trypanosomiasis recall 
a somewhat similar condition in general paralysis of the insane and dis- 
seminated sclerosis. Thus, the lumen of the vessels is contracted and the 
walls thickened. The cells of the spinal cord usually show fewer changes 
than those of the medulla or cortex. The endothelium of the capsules 
of the spinal ganglia is proliferated and there is infiltration of the trab€K;ul» 
with lymphocytes and plasma cells. The spinal canal may be blocked by 
cell proliferation. The cerebro-spinal fluid in early cases is under increased 
pressure (30-100 cm. of water) ; the total proteins being very much 
increased, to 1 grm. per litre (normal 0*2 grm.). 

The cells are increased to 15 to 500 or more per c.mm. (normal 2-8) and 
comprise lymphocytes, mononuclears, morula cells, eosinophils and 
trypanosomes. 

Kidn^s.—There is glomerular nephritis, leading to fibrosis, also a 
gen^alized proliferation of the reticulo-endothelium in the capillaries. 

Heaft.-— Ecchymoses and even large haemorrhages in the epi- and 
endocardium have been observed. Peruzzi has shown (in the pathology 
of experimental trypanosomiasis in monkeys) that severe myocarditis is 
frequently present and is due to masses of trypanosomes within the 
muscle cells. 

hiver. There is spoiling of parenchyma cells, probably from toxic 
abi^rption, associated with depletion of the blood sugar. 

a. — These are characterized by intravascular proliferation of the 
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reticulo-endotheliuin, which may block the capillaries with fibrosis, and 
collapse of the alveoli. 

Bone marrow . — The fat is reduced and the whole tissue may be gelatinous 
and homogeneous. 

S\dn . — Localized oedema, due to collections of lymphocytes, is observed 
in the eyelids, perineum and skin of the back. , 

The is slightly enlarged. The Malpighian bodies are few and incon- 

spicuous. There is a general proliferation of the reticulo-endot helium, congestion 
at the periphery of the splenic sinuses, often focal necrosis with endothelial 
macrophages and ingested red blood corpuscles. Giant cells have been observed. 

Lymphatic tissue shows general hyperplasia. The glands are enlarged, soft 
and fusiform, with great proliferation of the lymphocytes. At first there is 



Fig. I5« — Photomicrograph of frontal lobe of brain in sleeping-sickness, showing 
trypanosomes In grey matter. (Z>r. A. C. Trans. Roy^Soc, Trap, 

Med, and Hyg."') 

increase of large mononuclear cells, lymphocytes and later fibroblasts. They 
are very vascular, with small haemorrhages containing trypanosomes (which 
can therefore be easily demonstrated by gland puncture). 

The blood shows definite anaemia due to toxaemia and erythophagocytoeis. 
The haemoglobin is reduced and colour index below normal. There is usually 
auto-agglutination of red cells with rouleaux formation. The aljkali reserve 
is diminished and blood sugar low. 

S 3 rmptoms. — The incubation period of the glossina-couveyed disease 
and that resulting from direct artificial inoculation seem to be about the 
same, from, two to three weeks in dogs, horses and monke3r8. Prom 
experience of infected Europeans, in whom the dates can be controlled, it 
appears to be about fourteen days. The bite of an infected glossina 
is followed, in a proportion of cases, by local irritation of greater or lesser 
severity. "This has been called the “trypanosome chancre” and is 
described as a red nodule surrounded by a white waxen zone. It subsides 




Fig. li. — Enlargement of cervical lympb'glands In trypanoMmlasli 
(Wfaiterbottom’f sign). (Dr. F. K. Kleine.) 


variable ; when the patient strikes any hard object he suffers discomfort 
amounting to actual pain after a slight delay. In time the fever subsides 
more or less completely, to recur at irregular intervals of days or weeks. 
It is sometimes mild, sometimes severe, and occasionally hyperpyrexial 
( 106 - 6 ® F.), the evening temperature being always the highest. It may 
last for weeks and the apyretic period may be equally prolonged, or it 
may be continuous. The fever and all other clinical manifestations of 
trypanosomiasis are irregular in intensity and duration. In time the 
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patients become debilitated, ancetnic and feeble, both intellectually and 
physically. The spleen is usually enlarged. Severe temporal headache 
is very often present. The heart’s action is generally rapid and easily 
excited, and persistent tachycardia affords an excellent index to persistent 
infection. The cervical glands and those of other parts of the body enlarge 
and may become tender. Only one gland may visibly involved, or there 
may be polyadenitis, including the abdominal group. The implicated 
glands may be very prominent, or not easily felt, but are usually most 
conspicuous in .the posterior triangle of the neck (Winterbottom’s sign) 
(Fig. 16). In the early stage of the infection they are soft, later indurated ; 
sometimes they are painless, sometimes distinctly painful and tender, 
rarely suppurating. This condition of irregular fever, of debility, of 
polyadenitis, of slight anaemia, may go on for months, or even, in some 
instances, for years. At this stage there is usually insomnia and lack of 
concentration. 

A proportion of cases may then terminate. Since this disease undergoes 
at various stages periods of quiescence, which may be very prolonged, 
it would be rash to call any instance of apparent recovery a radical cure. 
But experiments and observations by Laveran and others in other forms 
of trypanosome infection, as well as some cases in Europeans, which have 
come under the Editor’s notice, justify the belief that occasionally the 
parasite does die out spontaneously. 

In a given area and in a given population there is a tendency for the 
vinilence of the local trypanosome to decrease with lapse of time. Thus, 
the trypanosome of the Gold Coast and Southern Nigeria, where sleeping- 
sickness presumably has long been endemic, is less virulent and much 
more amenable to treatment than that of Uganda, where it is of recent 
•introduction : indeed the Editor, together with Cooke and Gregg, has 
described a series of particularly mild cases in Europeans from the Gold 
Coast in which trypanosomes were discovered during the course of routine 
blood examination, but which otherwise appeared normal, though one 
had a circular erythematous patcli on the shoulder. Similar instances 
have been recorded by Lamborn, Howat, Davy, Sice, Bolin and Mercier. 

Remarkable features of human as well as of animal trypanosomiasis are 
skin affections and local oedemas. In many of the lower animals infected 
by their special trypanosomes, papular and pustular eruptions are common, 
in addition to fever and physical lethargy ; and in man, ^especially in 
negroes, an exceedingly itchy papular eruption is frequent. In the 
f^uropean, and possibly in the negro — but in the latter, less evident on 
account of his colour— extensive skin areas are affected with a fugitive, 
patchy, frequently annular erythema (Fig. 17 and Plate VII, facing p. 227), 
usually most evident on the chest and back, but also very often on the 
face, legs, and elsewhere. This erythema seems to occur most frequently 
and most distinctly in the earlier stages of the infection. Some of the 
patfches may be six inches or even a foot in diameter, their margins fading 
off insensibly into the surrounding nonnal skin. It usually takes the form 
;>f large rings, occasionally complete, more frequently interrupted and 
irregular. Sometimes it is confined to annular rings on the shoulders. 
Prythema nodosum sometimes occurs also. Pressure or any irritation 
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of the skin gives rise at once to 'transient congestion from vasomotor 
paralysis of the skin capillaries. The rash can be brought out by heat, 
and especially by hot baths. Xeroderma and pruritus are often present 
in the terminal stages. 

In some of the lower animal^ a usual feature is oedema of certain parts 
of the body, especially of the eyelids, the sheath of the penis, the under- 
surface of the abdomen, and the neck. Similar, though less extensive, 



Fig. 17.— 'Rash of htiman trypsootomlatis. {Photo by R, McKay,) 

oedemas occur in man, in whom they are most apparent in the face and 
about the site of the erythema. In many instances there is a general 
fullness of the features which, with concomitant flushing, is apt to convey 
a false impression of sound health. 

Neuralgic pains, cramps, formication, and parassthesi® of different 
kinds are not uncommon. Two of Manson’s cases showed recurring 
orchitis, accompanied by an increase of parasites in the l^lood. Painful 
local inflammatory swellings, which after a time subside without suppura- 
tion, have been seen in some cases ; periostitis of tibi® more rarely. Toxic 
iridocyclitis and choroiditis and deep oedema of the lower eyelid are 
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sometimes met. The eye symptoms are not so evident in man as in the 
lower animals, interstitial keratitis in infected dogs being comparat vely 
frequent. 

In most cases the spleen is enlarged, sometimes enormously, fluctua- 
ting with the fever, in the absence of concomitant malaria which, how- 
ever, is a not infrequent complication. The liver may be similarly 
affected. 

Although trypanosome infection is not, as a rule, transmitted to the 
foetus, the abortion-rate is increased from the normal 7 per cent, in Congo 
natives to 81*7 per cent., and the infant mortahty-rate from 29 per cent, 
to 50 per cent. Trypanosomiasis in infants is extremely rare, though 
Kellersberger has recorded infection in one three weeks old {see p. 119). 

Death from intercurrent disease, from rapidly developing cerebral 
implication causing convulsions, status epilepticus or coma may supervene 
at any stage of .trypanosomiasis. Usually the case gradually drifts into 
the stage known as “ sleeping-sickness.” It is usually beUeved that the 
development of the sleeping-sickness stage in trypanosomiasis concurs 
with and depends on the entry of the parasite into the cerebro-spinal canal. 

Sleeping sickness stage (cerebral trypanosomiasis). — The terminal 
stage of trypanosome infection sometimes exhibits acute features, and 
sometimes is exceedingly chronic. WTiile an interval of several years, 
possibly eight, maj elapse from the commencement of the infection to 
the development of this terminal stage (Rodhain), in the majority of cases 
the progress is much more rapid. The characteristic terminal symptoms 
depend on mplication of the nervous system, either by the parasite itself 
or by its toxins. 

The average duration of this stage in the African is from four to eight 
' months, not infrequently less : very chronic cases with a course of more 
than a year are rare. Some observer; refer to cases running on for three 
years or even longer, with occasional temporary ameliorations. 

Generally, the first indications of the oncoming'of sleeping-sickness are 
m(‘rely an accentuation of the debility and languor usually associated 
with trypanosome infection. There is disinclination to exertion ; slow, 
shufflirig gait ; morose, vacant expression ; relaxation of featuffes ; 
hanging of the lower lip ; puffiness and drooping of the eyelids ; tendency 
to lapse into sleep or a condition simulating sleep, somnolence during 
the day-time contrasting with restlessness at night ; slowness in answering 
<juestions ; shirking of the day's task. Dull headache is generally present. 
Later, there may be fibrillary twitching of muscles, especially of the 
tongue, and tremor of the hands more rarely of the egs, indicating in- 
volvement of the motor centres. By this time the patient has taken to 
bed, or he lies about in a comer of his hut, indifferent to everything going 
on around him, but still able to speak and take food if brought to him. 
He never spontaneously engages in conversation, or even asks for food. 
Ah torpor deepens he forgets even to chew his food, falling asleep perhaps 
in the act of conveying it to his mouth, or with the half-masticat^ bolus 
Btill in his cheek. Nevertheless, such food as he can be persuaded to take 
IB digested and assimilated. Consequently, if he is properly nursed, 
there may be no general wasting. As time goes on, he begins to lose flesh. 
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tremor of hands and tongue becomes more marked, and convulsive or 
choreic movements may occur in the limbs or in limited muscular areas. 
(Fig. 18.) Sometimes these convulsions are followed by local temporary 
paralysis. Sometimes, too, rigidity of the cervical muscles and retraction 
of the head occur. There is usually an intolerable pruritus of the skin ; 
bedsores tend to form ; the lips become swollen, and the saliva dribbles 
from the mouth. Gradually the lethargy deepens ; the body wastes ; the 
bedsores extend ; the sphincters relax ; and finally the patient dies 
comatose, or sinks from slowly advancing asthenia. Possibly he succumbs 
to convulsions, hyperpyrexia, pneumonia, dysentery or other intercurrent 
condition. 

The manifestations described are subjeet to considerable variations. 
Thus, mania is not uncommon ; delusions may present themselves, or 



Fig. IS. — Cerebral trypanosomiasis. Appearance of patient in iast stages of the disease. 

(ZV. F. K. Kkine.) 


psychical and physical symptoms not unlike those of general paralysis of 
the insane are developed. In the European, death is fre(|ueatly due to 
convulsions, probably from the presence of the trypanosomes in the brain. 
Deep hypersBsthesia of the muscles is also quite common. The habits 
usually b^me bestial. 

Dui^ the whole course of the nervuus stage of trypanosomiasis the 
other symptoms already described as characteristic of the infection may 
be in evidence. The knee-jerks, though lost towards the end, are active 
at first ; the fundus oculi is usually normal ; the sphincters, until towards 
the end, are controlled ; the urine is normal, and the bowels, although 
generally tending to constipation, act with more or less regularity. 

Tiypwoaomiasis in natives. — Lester recognizes three categories 
in Nigeria : — 

(1) Mild, vrith few symptoms, when equilibrium has been established 

between patient and parasite. 

(2) Involvement of the central nervous system — the commonest form. 
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(8) Acute, leading to death before the central nervous system 
symptoms devtdop, toxsBmia being the salient feature. 

Elsewhere the same three types are found, but the acute form pre- 
dominates, especially in Tanganyika, where T. rliodesiense is the common 
parasite. 

In Central African natives symptoms of trypanosomiasis are con- 
siderably aggravated by, and in many cases mistaken for, those of other 
diseases. The patient is almost invariably infected with malaria, ancylo- 
stomiasis, bilharziasis, and possibly filariasis, besides which much of the 
emaciation and the specific complications — septic rhinitis, otitis — are due 
to starvation and neglect. 

Mortality. — Although spontaneous recovery may take place in the 
early stages of trypanosomiasis, it is believed that when the disease has 
arrived at the stage of sleeping-sickness, death is ine\dtable. Corr6 has 
told how native villages in Senegambia have been depopulated. What 
has occurred on the Congo, in Angola, and in Uganda, bears out this 
estimate of the gravity of the disease in epidemic form. Many islands in 
the Victoria Nyanza have been completely depopulated. The population 
of the implicated districts of Uganda, originally about 300,000, was 
reduced in six years to 100,(X)0 by sleeping-sickness. 

Immunity. — Man is immune to infection with the commoner trypano- 
somes of big game, T. congolense and T, mvax, and certain mammals 
are immune to trypanosomes which are pathogenic to others. Thus, 
T, vivax is pathogenic to horses and cattle, whilst rabbits, guinea-pigs, 
and mice are refractory. Although there is no direct evidence that man 
becomes immune after exposure to infection with T. gambien^e, yet th6re 
is no doubt that when the disease has lasted any length of time in a district, 
as in Sou them Nigeria, the inhabitants exhibit a degree of resistance 
not seen in districts more recently invaded. 

The non-iramune European generally suffers in a more acute form than 
does the Central African native under similar conditions. Russell and 
others who have studied the phenomena of immunity in man believe 
that the course of an infection with a pathogenic trypanosome depends 
upon the capacity of that organism to vary in a serological sense so often 
that it defeats possible variations in the host’s defence. 

Trypanocidal action of human serum on trypanosomes. — Following 
the interesting discovery by Laveran, in 1902, that normal human serum 
exerts a markbd effect on the course of trypanosome infection in animals, a 
large amount of work has been devoted to this subject with the object of dis- 
covering an effective trypanocidal serum. Yorke, Adams and Murgatroyd 
have shown that normal human serum exerts a pronounced trypanocidal action 
in vitro at 37® C. on a number of strains of pathogenic trypanosomes, even 
when the serum is diluted 5,000-25,000 times ; but in certain pathological 
conditions of the liver this power is lost entirely in vitro. The interesting fact 
has been observed that in the sera of certain normal sheep and rabbits, an active 
trypanocidal substance exists w^hich, when mixed with normal human serum, 
inhibits the trypanocidal action of the latter. A curious and almost inexplicable 
feature is the fact that T. rhodesien$e, T, equiperdum and T. congotenae are 
rapidly destroyed tin vitro by this method, but T, gambienae is apparently 
10 
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unharmed. Possibly in this observation lies the explanation of man’s immunity 
to infection with the pathogenic trypanosomes of cattle and other stock. 

Diagnosis. — Chronic irregular fever, more especially if associated 
with enlarged cervical glands and, in the European, erythema multi- 
forme, in a patient who has resided in tropical Africa at any time during 
the previous seven years, but especially recently, suggests a tentative 
diagnosis of trypanosomiasis and detailed examination with this possibility 
in view. Diseases with which trypanosomiasis might be confounded are 
malaria, kala-azar, pellagra, syphilis, leprosy, lymphadenoma (Pel-Ebstein 
disease), and, in its later stages, beriberi. 

The diagnosis of trypanosomiasis is made absolute by blood examination, 
but the serum -formalin reaction {see p. 163) is usually positive in well-estab- 
lished cases and therefore may serve as a rough guide for differentiation from other 
African fevers on a large scale (Hope-Gill, Morrison and Dye). Sic6 and his 
collaborators have shown that there is a considerable diminution in the total 
serum proteins, and the loss is mainly due to decrease in serum albumin. The 
ratio of serum albumin to globulin is always less than it is in normal persons. 
Davis, Brown and Brown {see p. 206) have recently worked out a specific im- 
munity reaction in trypanosomiasis known as the “ adhesion phenomenon.” 
This reaction is characterized by adhesion of blood platelets and cells to the 
parasite when acted upon by immune plasma in vitro. For this purpose trypano- 
somes, immune serum, complement and human cells are incubated together ; 
if the serum is homologous the red cells become firmly adherent to the trypano- 
somes. Standard concentrations of red cells and trypanosomes are necessary to 
obtain constant results. Agglomeration and trypanolysis may take place, 
even if the red cells are unsuitable as indicators. This reaction is said to be 
specific for different species of trypanosome, and the immune body exhibits a 
high degree of thermostability. The test can be used in recognizing species of 
wild game which may act as reservoirs of T. gambiense. 

Microscopical diagnosis of trypanosomiasis is sometimes difficult. 
Anaemia, as well as a relative increase of large mononuclear leucocytes, 
usually occurs. A well-stained blood preparation exhibits, even to the 
naked eye, a remarkable clumping of the red corpuscles (auto-aigglutina- 
tion). As a rule, the parasites in flie peripheral circulation are few, many 
fields having to be hunted before one is discovered. Sometimes none can 
be found ; rarely are they abundant, as in the acute forms of T. rhodesiense. 
The thick-drop method should always be employed. 

Centrifuging citrated blood may prove of considerable assistance. Broden 
used 9 c.c. of blood to 1 c.c. of 6 per cent, citrate solution, centrifuged at first 
at 1,000 and subsequently at 1,600 revolutions for 10 minutes. The supernatant 
fluid of the latter is i^in centrifuged at 2,000 revolutions for 20 minutes, when 
the trypanosomes will be found in the precipitate. Letonturier, Tanon and 
Jamot consider that this triple centrifugation method gives 92 per cent, of 
positive results. Blood or lymph gland cultures on Razgha’s medium have given 
satisfiustory results. {See p. 1017.) 

Dutton and Todd emphasized the value of lyntphrglaftd puncture and 
examination of the aspirated lymph as the most certain method, 
particularly in the earlier stages of the disease, when the glands are soft 
before they have become sclerosed, and the trypanosomes aboutid in the 
lymph. This method succeeds in 87*7 per cent, of oases. An ordinary 
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hypodermic syringe suffices to aspirate a sufficiency of lymph, of which 
films are prepared and stained in the ordinary way {see p. 162). Massage 
of the gland assists the flow of lymph into the lumen of the needle. 
Gland -puncture should always be reinforced by the examination of thick 
blood-films. The glands may be unilateral or bilateral ; sometimes they 
reach the size of a pigeon’s egg and every gradation may be shown. 
Although the superficial glands may be easy to palpate, deeper ones may 
be more difficult. Three procedures for palpation are necessary : deep 
palpation, superficial palpation, and palpation by passing the palmar 
surface of the hand over the neck. The glands should have the con- 
sistency of a ripe plum. 

In the Belgian Congo (For^ami system) gland palpation is systematically 
performed by the European staff ; microscopic examination of gland juice 
and blood by specially trained native assistants. 

Cerebro-sjrinal fluids obtained by lumbar puncture and centrifuged, 
affords another (thf)ugh not always a practicable) means of finding the 
parasite ; according to Broden, parasites may be demonstrated in this 
nianner in 4-5 per cent, of cases, but if the trypanosome is not found, 
suggestive information may be obtained from a lymphocyte-cell count of 
the fluid, as this may be increased to over 1,000 per c.mm. The globulin 
content of the fluid is also increased, but the colloidal gold curve is of 
the paretic type. The presence of the morula cell of ^lott is diagnostic. 

The importance of puncture of the cerebello-medullary space in the 
diagnosis was emphasized by Tajera. Suboccipital puncture through 
the occipito-atlantoid ligament into the cistema cerebello-jnedullaris is 
simple and practically devoid of risk. 

Le Port stated that the early changes in the choroidal plexus in trypano- 
somiasis are confined to the fourth ventricle, so that the immediate consequence 
is an interruption of the connections between the ventricles and the subarachnoid 
space. The only real orifices by which these two centres intercommunicate 
are by the foramina of Luschka, which lie between the cerebellar peduncles 
in the lateral angles of the fourth ventricle. These orifices are covered by 
the lateral choroidal plexuses of the ventricle. Obstruction of the foramina 
of Luschka results in separation of the subarachnoid space from the ventricles 
where the cerebro-spinal fluid is produced, and this causes automatically a 
state of disequilibrium of tension of the fluid between the two cavities. The 
intraventricular tension thus produced may give rise to a syndrome which is 
responsible for the signs of the first stage of sleeping-sickness. Intraventricular 
hypertension manifests itself by headache, nausea and a degree of somnolence. 

Sic6 has proved that the earliest reaction resulting from meningeal 
lesions is cellular ; at first it is slight and unaccompanied by clinical 
signs ; usually it progresses slowly, and the intensity of the meningeal 
lesions is shown by the number and character of the cells. The presence 
of leucocytes indicates that the lesions are active and, probably, recent, 
l^lasraa cells, dead cells and morula cells (Mott) indicate older and more 
chronic lesions. As the cellular reaction develops, so the albumin content 
gradually increases. Prognosis can therefore be based upon the amount of 
albumin in the spinal fluid. Though this can be estimated by a number 
of different techniques, the proportion of the albumin and the globulin 
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in the cerebro-spinal fluid is considered by most authorities to run parallel 
with the number of cells present. 

Animal irioculaiion is used if the parasite is not found by blood or 
lymph examination, 2-10 c.c. of the blood being drawn from a vein and 
injected. Of the ordinary laboratory animals, the most susceptible, and 
therefore most reliable, are the guinea-pig, the rat, the dog, and Macaca 
and Cerccypiihecus monkeys. Such inoculations are of value as a test of 
recovery, as well as for diagnosis. 

The intraperitoneal injection of olive oil in experimental animals aids 
in establishing the infection in cases where the parasites are scanty 
(Saunders). 

Sternal 'puncture has recently been introduced as a reliable and ready 
method of diagnosis. Guibert and Boscq found T. gamhieme in the 
bone marrow of 29 out of 30 untreated cases, whilst Jospjn and Gallais 
claim that it is superior to any other method. 

The trypanosome is easily stained by most dyes, those in use for malaria 
work giving the best results. A J-in. objective suffices to hnd the parasite. 

Differential diagnosis. — Kala-azar and trypanosomiasis, especially 
in their earlier stages, may be difficult to differentiate, hut enlarged glands, 
local oedema and erythema multiforme in trypanosomiasis, and their 
absence in kala-azar, suffice for distinction. Blood or gland-lymph 
examination, or, if this be negative, hepatic or splenic puncture, should 
establish the diagnosis. 

General paralysis of the insane, cerebral tumour, forms of meningitis, 
especially encephalitis lethargica (often inaptly termed “ sleepy sickness ”), 
have features in common with trypanosomiasis and must be considered. 
The serum of some cases of trypanosomiasis has been said to give a positive 
Wassermann reaction, but this may be due to a co-existing syphilitic 
infection. 

Treatment 

Especially in natives, preliminary treatment directed towards eliminating 
superimposed infections with ancylostomes or bilharzia is advisable, on 
account of damage to the liver-cells which renders toleration of arsenical 
drugs difficult. 

1. Treatment with Antrypol. — “ Bayer 205 ” (urea of acid dimeta- 
aminobenzoyl - meta - aminoparamethylbenzoyl - 1 - naphthylamino - 4-6-8 
trisulphonate of soda) [Germanin, Antrypol, ^ Belganyl, Moranyl, Suramin) 
originally introduced in 1920, has been of great value in eradicating 
infection, especially during the earlier stages. 

In animals infected with trypanosomes, antrypol has been found to be 
remmrkably non-toxic, and the dosis tolerata has been estimated to be 
160 times that of the dosis iherapeutica, when injected intramuscularly or 
intravenously. It is lethal to Trypanosoma brucei, T. gambiense and 
T. rhodesiense ; moreover, it has been found to exert a definite prophylactic 
action. The average dose for man is I grm. dissolved in 10 c.c. of distilled 
water (or a 10 per cent, solution) injected intravenously. The total 
amount to effect a cure is about 10 grm., though the trypanosomes usually 

* Tbe preparation need in veterinary practice is known aa NaganoL'* ^ 
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disappear and are not usually found again after 5 grm. As a rule, trypano- 
somes vanish twelve hours after the first injec?tion. It is customary to 
repeat the dose at weekly intervals. 

In an early infection, directly the disease* has been diagnosed, the best 
and most lasting results are obtained by ^ving bigger initial doses, such 
as 1 grm. on the first, third, tenth, and thirteenth days. In exceptional 
circumstances individual doses of l-5~2 grm. can be given. 

It is thought that the value of antrypol lies in its power of rendering 
trypanosomes fit for phagoc 3 rtosiB by the reticulo-endotheUal cells — a kind of 
opsonizing effect. This action greatly enhances the effect in the living animal 
and thus explains its greater efficiency in vivo than in vitro. 

There are some reasons for believing that its delayed action is due to 
combination with plasma and tissue proteins, so that the serum, cerebro- 
spinal fluid and urine continue subsequently to exhibit trypanocidal action 
when injected into trypanosome-infected mice. 

Immediately after the injection of the drug, both the physical condition 
and mental outlook of the patient are improved. The drug is harmless 
to man, except that it has a cumulative action and is a kidney irritant, so 
that, after three or four injections, the urine contains albumin and small 
yellow, granular casts. This is the result of excretion I'm the urinary 
tubules, and lasts about six weeks. In some susceptible individuals toxic 
dermatitis — a red, itching and papular rash — develops, usually after the 
third injection. According to Corson, a painful condition of the feet, 
apparently peripheral neuritis, has sometimes been observed. 

Intrathecal injection of antrypol cannot be recommended, as pain, vomiting, 
headache, convulsions and twitchings may ensue after small doses, and advanced 
cases derive no benefit. Although it is now recognized to be the most active 
substance in the treatment of sleeping-sickness and has cured cAses where all 
other forms of treatment have failed, yet it appears incapable of destroying 
trypanosomes when once they have entered the grey matter of the brain. Kleine 
and Fischer originally reported on the treatment of 185 cases of T. gambiense 
infection in Africa, of which 80 per cent, showed a marked clinical improvement 
and were considered cured. Since that time many series of cases have been 
published which bear out the original claims. Thus, Dye, in Nyasaland, reported 
favourably on the doses usually advocated, while Mayer (1928) published a 
critical review of the subject. The Editor has investigated three cases in 
Europeans in whom a permanent cure was effected with a total of 3-5 grm. of 
antry^K)!. 

2. Treatment with tryparsamide. — Tryparsamide (sodium salt of 
N-phenylglycinoamide-p-arsonate) was originally introduced for the treat- 
mt3nt of trypanosomiasis by W. H, Brown and Louise Pearce, of the Rocke- 
feller Institute. (The French equivalent, “ Fourneau 270 (Orsanine) is 
acetyl-p-amino-o-oxyphenyl arsenic acid, and has been used extensively 
in French Equatorial Africa.) Tryparsamide should contain not less 
than 25*1 per cent, of arsenic. 

When injected into the tissues it is quickly absorbed ; it may be given by 
cither the intramuscular or the intravenous route. The chemotherapeutic 
index of tryparsamide, i.e., the ratio between the curative dose and the maximum 
tolerated dose, is 1 : 2 ; for atoxyl it is 1 : 1. The individual doses are large, 
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varying from 1 to 4 grm. ; the optimum is about 83 mgm. per kilogram of body- 
weight. The drug has a marked effect on the symptoms, e8j.)ecially when the 
nervous system is involved ; its chief value is the ease with which it penetrates 
into the cerebro-spinal fluid and eliminates the trypanosomes. Furthermore, 
there is great reduction of lymphocytes in this fluid in cerebral trypanosomiasis, 
which is attributed to its high power of penetration. In an average case the 
initial dose should be 1 grm. in 10 c.c. of distilled water : subsequently it may be 
given in 2 grm. doses, three times weekly. A total dosage of 24 grm. is, as a rule, 
necessary. 


Van den Branden considers 70-80 grm. necessary to obtain permanent 
benefit in chronic cases. In the mildest cases he was able to obtain 67 
per cent, apparent cures with a total of between 20-60 grm., but 71-6 per 
cent, only when trypanosomes were present in the cerebro-spinal fluid. 


According to Chesterman, who has had a large experience of tryparsamide 
the intravenous route is the most effective ; the solution should not exceed 
40 per cent., which is about saturation point. Care should be taken to see 
that the water is not alkaline, as this produces precipitation. Intramuscular 
injection is also efficacious, but in this case the solution should not be stronger 
than 20 per cent. Experience has proved that it is not possible to procure “Mempia 
gterUimns magna,"* as prolonged administration of the maximum tolerated 
dose gives the best results. 

Children up to twelve years of age tolerate the drug well and may be given 
doses up to 80 mgm. per Kg. of body -weight for twelve injections. 

In more (advanced cases in adults smaller doses up to 20 mgm. per Kg. of 
body-weight should be given, on the fourth day 30 mgm. per Kg., and on the 
eighth a course of 20 injections of 40 mgm. per Kg. at four-day intervals should 
be commenced. A course of ten injections should be repeated three months 
after the first. If the drug is used in strengths of more than 20 per cent, by 
the intramuscular route, induration or abscesses may ensure. Herxheimer 
reactions with acute mania have been noted when initial doses are excessive. 

Physical improvement end restoration of mental activity, together with 
normal cell count and albumin content of the cerebro-spinal fluid for a period 
of one year, should be considered eVidence of cure. Excess of albumin and 


increase of cells in the cerebro-spmal fluid is sometimes noted for a short period, 
but may be merely teir\porary. 

Optic neuritis.— ^me patients are sensitive to tryparsamide. Optic neuritis 
is apt to develop in j^tients, previously treated with small quantities, to whom 
a second comae is pven. There appears to be no agreement on the amount 
of tryparwmide which provokes optic neuritis. The Editor has seen two oases 
where blmdness ensued after 13 grm. Lauterburg has reported a series in 
which blindness occurred in 7*4 per cent. ; all had received weekly doses of 
2 ^ 3 8^^* Advanced cases are much more likely to develop visual troubles 
than early ones, and therefore must be treated with caution. Objective signs 
of eye dam^e are not manifest early enough to make it possible to prevent 
wmplete blindness, but the fundus remains normal for a long time and paUor 
apparent quite late; a dangerous sign is narrowing of 
^GeldB of vmon. Jamot reporU that out of 26,638 patients treated with 
tryiwrsaimde, 233 developed ocular trouble ; in 30 there was amblyoi^ and 
m 17 amamosw. Casten, in his studies of treatment of oefvbral ayphim with 
ttyparsamjde, has not found the same amount of visual trouble. Hb olsadto 
tlm wuto s^^ptoms (a) subjective, wHh blurring of vision, and (6) objective, 

and lasts ftom one to three weeks ; it always clean op on eessatiosi of tantniMit ; 
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the second becomes permanent, with diminution of visual fields, and may lead 
to optic atrophy. 

Premonitory symptoms may be photophobia, lacrimation, ocular pain 
and dimness of vision. It sho^d be made the rule to test the vision of each 
patient before injection by detection of some small object. In any suspicious 
case administration of arsenicals should be suspended and tartar emetic sub* 
stituted. It must be remembered that the action of arsenic is often delayed 
and symptoms of optic neuritis may progress, even after cessation of treatment. 
This was the case when atoxyl was commonly employed in treatment of try- 
panosomiasis. 

Results of treatment wUh tryparaamide, — In early cases apparent cure is almost 
invariable, but tryparsamide acts less certainly after previous administration 
of atoxyl or other arsenicals. In more advanc^ cases figures vary, but, given 
good conditions, in the absence of other debilitating diseases, when degeneration 
of the central nervous system has not progressed too far and when the cerebro- 
spinal fluid does not contain too many cells, this drug gives gratifying results. 

Tartar emetic, which is curative in some forms of cattle trypano- 
somiasis, is now mostly used to reinforce tryparsamide treatment in 
cases complicated by bilharziasis. 

Other arsenical compounds. — Van den Branden has reported on a trial 
of etharsanol (monosodium salt of 2-p-arsono-ar8ilino-ethanol) and proparsonal 
(monoeodium salt of S-p-arsono-anilino-proponol)^ containing 20 per cent, of 
arsenic. These were injected in doses of 2 grm. and their action was found 
to be comparable to that of tryparsamide, but both appear to produce optical 
disturbances more readily. 

Yorke, Murgatroyd, Gl 3 m-Hughes and Ross find that sodium succinanilo- 
methylamide-p-arsonate (neocryl) compares favourably with tryparsamide in 
being less toxic and possessing a somewhat greater trypanocidal activity. The 
doses are similar to those of tryparsamide, but ultimate results are stated by 
Acres to be less favourable in the second stage of trypanosomiasis. 

N ‘phenplglycineamide-p-arson%c acid, of which tryparsamide is the sodium 
salt, may be given by the mouth, which, in dealing with large numbers of 
natives, is simpler. In contrast to tryparsamide it is well tolerated by this 
route and causes disappearance of trypanosomes from the blood and cerebro- 
spinal fiuid, though in a slower and less dramatic manner. The tablets (supplied 
by Messrs. May A Baker) are crushed in water and swallowed. The dosage 
is twice that of tryparsamide by the parenteral route and has the advantage 
of being less apt to produce optic neuritis. 

Gruhzit, Lindsay, Hendricks and Dodd found mapharside satisfactory. It 

amino-paraphydroxyphenyl-arsine oxide and is believed to be the compound 
elaborated in the body after injection of arsphenamine. The initial dose is 40 
ingm. per kilogram body-weight for women ; 60 mgm. for men. (^fec p. 822.) 

3. Synergic or combined treatment with antrypol and 
tryparsamide. — Comparatively few European cases have been recorded, 
in these striking recoveries have been obtained by combining trypar- 
^iniide and antrypol therapy. This is borne out by the experimental 
of Yorke indicating that pathogenic trypanosomes may become 
'^rug-fast, and that resistance (see p. 188 ) is also developed towards antrypol 
It more slowly). The Editor recorded 11 Europeans in whom success 
s obtained by antry^H)! therapy in tryparsaniide-resistant CAses and 
^ I ' twsa. The conclusion which can be drawn from clinical experience 
Hat, when once a clinical and parasitological relapse has taken place 
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after an initial course of treatment with one trypanocidal dnig, it is un- 
wise to persist with larger doses, but a change should be made to remedies 
of entirely different chemical constitution. In the Editor’s opinion, 
preliminary antrypol treatment in maximum tolerated doses should be 
followed by tryparsamide injections in moderate doses — 2 grm. twice 
weekly (or 4 grm. per week). Chesterman advocates two or three large 
doses of antrypol (8 doses of 1*5 gmi. for an adult at three- or four-day 
intervals) followed by 6-8 weekly injections of medium doses of trypar- 
samide, i.e., 70 mgm. per kilo, body-weight for children ; 55 mgm. per 
kilo, for adolescents ; and 45 mgm. per kilo, for adults. 

Between these two courses a rest of ten to fourteen days should be 
permitted, imtil the urine becomes free from albumin, before the ad- 
ministration of tryparsamide. Alternating injections of tryparsamide 
and antrypol, with interv^als of three days, have also been given with good 
effect. This method was used by Maclean in Tanganyika, Duke in Uganda, 
and Dye in Nyasaland, and is now the standard method adopted by the 
For^ami organization in the Belgian Congo. 

Sic6 and Torresi, who favour synergic medication, found that the best 
combinations are of antrypol and tryparsamide, antrypol and anthiomaline, 
tartar emetic and treponyl. 


Other preparations. — Lourie, Yorke and Browning announced that 
synthaiin — a guanidine compound — exerts a tr>"panocidal action. An 
allied substance, undecane diamidine, is also effective. 

Diamidino stHbene (stilhamidine) (see also p. 166), with therapeutic 
index of 80, was found to have considerable activity in experimental 
trypanosomiasis, and was tried out in Nigeria and Gambia by Harding 
and Bowesman. Intravenous injections sometimes give rise to temporary 
symptoms, but it may also be administered by the intramuscular route. 
This drug causes amelioration of clinical signs and symptoms, though it is 
unsuited for cases in which the protein content of the cerebro-spinal fluid 
is above 0*05 per cent. This treatment takes about half the time necessary 
for a full course of tryparsamide, and is promising. 

Pentamidine (4*4 diaminodiphenoxypentone) was tried on a limited scale 
by Lawson (1942) and Gilbert (1943) in Uganda and Xorthom Rhodesia. It was 
given daily for 18 days intramiisculariy in doses varying from 1*6 to 5*16 mgm. 
per kilo. It certainly reduced the ceil-count of the cerebro-spinal fluid. At 
least 2 mgm. per kilo should be given, preferably intravenously.^ 


General considerations. — The exact manner in which the trypano- 
cidal drugs act is a problem which has not been satisfactorily settled. 
One aspect of the question is drug-resistance. Van Hoof, Henrard and 
Peel found natural drug-resistance of T. gamhiense to tryparsamide ihuch 
commoner than is generally believed. It ap))6ars that a trypanosome 
can suddenly acquire a certain degree of arsenic-rc^i stance by passage 
through unaccustomed hosts. Miirgatn»yd, Russell and Yorke considered 
that trivalent arsenical compounds ow(* th^*ir therapeutic activity to the 
fact that their trypanocidal substances circulate unchanged in the blood- 
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stream, and that tryparsamide owes its curative power to the fact that it 
is gradually reduced in the blood, possibly also in the tissues, into a corre- 
sponding trivalent compound. It escapes from the blood with remarkable 
speed, and consequently the fact that the trypanocidal titre of the blood 
following injections of tryparsamide never rises beyond modest limits 
can be explained on the ground that, as fast as the tryparsamide is reduced 
to its trivalent form, it is eliminated from the blood. 

Prophylaxis. — Indications for prophylaxis are based principally on 
the habits of Glossina palpalis and G, tachihoides, and on the conditions 
of infection (Plate V, facing p. 121). 

In endemic regions fly areas should be located and avoided. If such 
regions have to be traversed, the journey should be made during dark 
nights, when tsetse flies do not feed, or with such precautions as are used 
by the natives for the protection of their cattle in nagana-infected spots. 
Those who are forced to live in tsetse regions should have their houses and 
persons carefully guarded against the fly. Manifestly, it is desirable — 
whether it is feasible is another question — to avoid localities in which the 
natives are affected, and to prevent infection of the local tsetse flies by 
those who have trypanosomes in their blood, either by means of mosquito- 
net ting, or by evacuating the population from the usually very limited fly 
an»a to some neighbouring fly-free spot. Movement of infected individuals 
to hitherto uninfected countries must necessarily be attended with great 
risk of the introduction of the disease. Whether such movement can be 
prevented in primitive lands depends greatly on local circumstances. Some 
easily recognized condition, more or less general in trypanosomiasis — 
viz., enlargement of the cervical glands — should be employed in eliminating 
dangerous individuals. Many years ago slave-dealers adopted this method 
to shield themselves from loss. As a rough test it has some value. But 
in some c«w»e8 of trypanosomiasis these glands are not appreciably enlarged 
at all times. Moreover, as they are often enlarged in other conditions, 
injustice might be done. 

The fly ground proper is always a very narrow strip, not more than ten to 
fifteen yards wide, along the water’s edge. The insects very rarely extend 
tfieir feeing beat sixty yards beyond this, whether on the land or on the water 
Hide. It is true they may follow with great persistency a man who has just 
passed through this narrow belt, for several hundivd yards, rarely for half a 
mile : but it is obvious that if the ten or fifteen yards at the water’s edge be 
made unsuitable for the fly, as can be done by clearing it of jungle, there will 
H(>on be no flies to follow human beings, and the place will become safe. There- 
fore, where feasible, fly spots, where there are landing-places, ferries, wells, 
or roads, should either be avoided altogether or be cleared of jui^le for some 
yards — to be safe, thirty—from the water’s edge. This is* a practicable measure 
of proved value in Uganda. 

f'ly traps . — Harris hM had very considerable success with a tsetse-fly trap 
'*f his own devising, the materials for each costing about 30 b. The trap, which 
' ^ designed to resemble a cow or antelope, consists of a framework of light wood, 
‘ overed by hessian cloth, roughly triangular in section, with a flat top, 6 ft. 
^ by 3 ft. wide, the sides converging to about 3 in. apart with a narrow open 
1 1 along the l^ttom, the ends Mng vertical and triangular. The body is 

nitf on wires so that the open slit is 48 in. from the ground. To the flat upper 

rface a transparent cage of wire gauze, of a mesh sufficient to retain a fly, 
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is fixed ; where the cage fits to the flat surface the cloth is removed and the 
wire so arranged that the flies cannot return to the hollow body of the trap. 
These traps are suspended on the sunny margins of evergreen bush haunts 
of the flies, and so placed that they throw a separate shadow, and it has been 
found that, in suitable weather, each trap will kill 100 to 200 flies daily. This 
trap has been specially successful in catching large numbers of Qloasina paUidipes 
and (?. palpcdis, but is not so successful with (?. morsitans, 

Swynnerton employed a similar trap containing a live calf to which the flies 
are attracted by scent. The most effective is a moving screen carried by fly- 
boys, who are able to catch with a net practically every fly that the screen 
attracts. Olossina pallidipes and 0, palpalia can readily be caught by any 
suitable trap, but other species (Q. mo^aiUins and O. swynnerioni) are less 
responsive. Considerable care is required in the siting and setting of traps, 
which should be placed as conspicuously as possible. 

Drug prophylaxis. — Van Hoof reported that by systematic injection 
of infected natives with tryparsamide a progressive lowering of the index 
of new infections is taking place in the Belgian Congo ; but that a constant 
watch is necessary to maintain this reduction. If vigilance is relaxed, 
the disease may flare up again with the intensity of an epidemic. 

Chemoprophylaxis. — With the advent of antrypol it was hoped 
that an efficient prophylactic under natural conditions had been procured. 
So far this method has not given very encouraging results ; although a 
prophylactic injection does not prevent actual infection, it does, according 
to Kleine, definitely mitigate the pathogenicity of the infecting trypano- 
some. Fourch6, on the Congo, considered that the intravenous injection 
of 1 grm. in adults, and 0*8 to 0*75 grm. in children and adolescents, had 
a definite prophylactic value for seven months. Van den Branden 
inoculated all the inhabitants of a village in the Belgian Congo with the 
following doses : adults 1 grm. ; adolescents 0*5 grm. ; children 0*25 grm. ; 
and infants 0*18 grm. — each receiving two injections. At a subsequent 
visit to this area six months or more afterwards, only one case was found 
to have developed. Duke’s statistics on the cheraoprophy lactic treatment 
of Europeans and natives of Uganda with injections of antrypol seemed to 
indicate that the prophylactic action may last for at least three months, 
possibly longer. Olovitch (1987) reported very favourably on the mass 
injection, er “ moranylization,” of the native population on the Belgian 
Congo. 

Drug -resistance and its transmission through the t8etse.-~An 

important bearing on prophylaxis of trypanosomiasis has been opened up by 
the work of Yorke and his collaborators on drug-resistance, showing that tiy- 
panosomes readily become drug-fast, especially to the arsenic compound, 
such as atoxyl, arsacetin and tryparsamide, but less easily to antimony, and 
that the reaction develops very quickly, within a period of 4-8 weeks. They 
have proved an even more important and far-reaching fact— that strains of 
laTpanosomes possessing a high degr^ of resistance to the aromatic arsenioals 
are transmissible by glossina (transmission of an acquired character) and, more- 
over, that this acquired character of drug-resistance remains unimpaired after 
two suooessive passages through the fly. 

OthM* prophylactic measures — BrUliant nwults have attended the 
efforts of the Portuguese to combat sleeping-nckness in the of Ftinoipe, 
where the annual mortality from the disease amounted to 83 per thousand of the 
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population, and the local industry (cocoa) was threatened with extinction. 
Besides jungle-clearing, drainage, blood examinations, segregation of the infected, 
and destruction of possible animal reservoirs of the trypanosome, coolies, dressed 
in white and carrying on their backs a dark cloth smeared with birdlime, were 
sent into the jungle, and every night the flies caught were removed and counted. 
In three years 470,000 glossinse were caught. As a consequence of this com- 
bination of sanitary measures the fly and the sleeping-sickness were exterminate. 
Of course, it was only the complete isolation and the limited size of the island 
that made such a result possible. 

Complete scientific prophylaxis can be indicated with certainty only 
when we have full knowledge (1) of the Imhits of the tsetse flies and of 
the reasons for their restriction to very limited and apparently capriciously 
distributed areas ; (2) of what vertebrates under natural conditions are 
normally hosts of T. (jarnbiense (see also Appendix, p. 855). 

Biological control. — Attempts by Lambom to introduce a predatory 
insect which would destroy the pupae of glossina have so far met but a moderate 
success. In 1914 Austen suggested the introduction of the chalcidiid — Spalangia 
— into tracts where O, morsitam is a pest. Ckmsequently one species of chalcidiid 
(SytUomosphi/runi glossince) has been bred in large numbers in the laboratory 
and distributed over an area of Lake Nyasa of about 42 square miles. In 
the course of three months it was found that 8*7 per cent, of glossina pupae 
were parasitized. Roubaud and Treillard have bwn carrying out some experi- 
ments by infecting Olossina palpalis with a cocco-bacillus which is pathogenic 
for muscidae. 

Removal of infected populations. — It is necessary to realize the 
seriousness of the problem. Trypanosomiasis has interfered with the 
development of one-quarter of the African continent. In Uganda by 
1990 it was estimated to have exterminated two- thirds of the native 
population. To preserve the hitherto uninfected from trypanosome 
infection, the Government transported the entire population of the Sesse 
Islands and neighbouring shore of Victoria Nyanza to fly-free areas in 
the interior. It was hoped that, the human source of trypanosome supply 
being thus denied them, the tsetse flies would cease to be infective. 
Unfortunately, this hope has been disappointed. Tliree years after the 
<lcpopulation of the districts involved, Bruce ascertained that local flies 
<*ould still convey the disease to laboratory animals. Manifestly, T, 
<f(tmbiense can flourish under natural conditions in vertebrates other than 
iJian. The reservoir host in this instance was found to be the situtunga 
antelope (see p. 121). 

Dispersal of tsetse flies by traflBc.— The opening up of Central 
Africa by motor roads and the development of motor traflflc has introduced 
‘ n(^w problem in the spread of trypanosomiasis, both gambiense and 
if^odesimse infections. Jack has shown the tendency of these flies to 
up moving objects and to settle on the backs of pedestrians and 
^ ( lists and under the hoods of motor cars. On pedestrians these flies 
'ay be carried 10, on motor cars, 50 miles a day. When the moving 
* i(‘ct stops, the flies move away and seek shade nearby. It has been 
‘ 'ind necessary to restrict vehicles (including cycles), leaving fly areas, to 
^ ' (i routes. At the point of exit notices are placed stating that motorists 
‘ i cyclists must submit to prescribed measures. Native cyclists are 
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cleansed of flies in special gauze cages. Motors are fumigated with “ Flit ” 
and the passengers are groomed with insect-nets. 

[For a detailed description of tsetse flies (Plate V), see pp. 978-983.] 

Rhodesibnse Sleeping-Sickness 

,The trypanosome found in cases of human sleeping-sickness originating 
in Bhodesia was at first considered to have certain peculiarities when 
inoculated into the rat. This fact, together with the greater virulence of 
the disease both in man and in laboratory animals, and the greater 
resistance to arsenical treatment, led Stephens and Fantham to separate 
it as a distinct species under the name of T. rhodesiejisef in 1910. Later, 
it was proved that it is transmitted by Ghssina morsitans (Kinghom and 
Yorke), not by G, palpcdis. G. stoynrierioni is also an efficient intermediary. 

Kleine regarded T. rhodesiense as the form taken by T. g'tmbienHe when in- 
troduced into a new area and transmitted by tsetse flies of the inorsitnns group, 
and as distinct from T. brucei ; whereas Duke considered T . rhod^siense and 
T, brucei the same ; whilst Lavier held that T, gambiense^ T . rhodesiense and 
T. brucei are one and the same species. The International (Commission on 
Human Trypanosomiasis concluded that T. rhodesiense is merely T. gambiense 
transmitted by a different species of tsetse, viz. G. morsitans. 

Yorke and his collaborators pointed out that the selective cytolytic 
action of normal serum on trypanosomes and the resistance of T. gambiense^ in 
contradistinction to T. rhodesiense^ may be the true explanation. By this test, 
T. rhodesiense and T. brucei appear to be identical, but the serum resistance 
of T. rhodesiense is not a fixed or stable character, but one which is readily 
acquired and quickly lost. The fact is that there are no constant differential 
characters in these two human trypanosomes. The rhodesiense type is un- 
doubtedly more virulent than gambiense^ as the latter has l>ecome habituated to 
man by long residence in his body, whilst the former is a more recent acquisition 
associated with (?. morsitans, and usually with big game, especially antelopes. 

The modem biological view is that the trypanosomes are members of an in- 
traspecific unit, and that they have originated from T. brucei, probably from some 
antelope strain. 

Geographical distribution. — This form of trypanosomiasis occurs 
in North-Eastern Rhodesia, especially in the Luangwa Valley, about the 
southernmost limit, 14° 8. ; throughout Tanganyika Territory ; in 
Portuguese East Africa : in Nyasaland, especially in the region south 
and west of Lake Nyasa : in fact, its distribution closely corresponds 
with that of G, nwrsitans. (Map 11.) A virulent outbreak at Mwanza, 
Tanganyika, was transmitted by G. swynnertoni, 

iEtiolo^. — In human blood (Fig. 19-7, 2), T. rhodesiense is morphologically 
indislingnishable from T. gambiense and T. brucei : but if it is passed through 
the rat or guinea-pig, a small but variable proportion of the parasites, espeoiMy 
the stumpy forms, will be seen to have their nuclei located posteriorly to the 
kizietoplast— that is to say, at the non-flagellar end of the organism 19- J, 

f* 5, 6). This feature, formerly considered specific, is not now regarded as 
important, because similar changes are undergone by other tiypanosonies* 

A good deal of work has been expend^ in attempting to prove and disprove 
that T. rhodesiense is no other than a strain of T, brucei inoculated into man. 
When injected into rats, T, brucei exhibits the same proportion of posUffior- 
nucleated fonns as T. rhodesiense (Brace). Taute and his fellow-workers dis- 
proved this conclusively by inoculating themselves and 129 native porUsn 
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with dog's and mule's blood containing T, hrucei, with a negative result, while 
rats, dogs and a goat, inoculated with the same blood at the same time, 
succumb!^. These experiments, they claimed, definitely disprove that T. brucei 
is in any way pathogenic to man. 



Fig. 19. — Forms of Trypanomma rhodesiense. {After Lavcran.) 

1, 2. Normal (onns in blood of roan ; 3-6, variouR of posterior displacement of 
the nucleus; 7, a dividing form. 

Pathology* — The visceral lesions of T. rkodesiense trypanosomiasis 
are probably more often fatal than k'sions of the central nervous system. 
Hawking and (irtH^nfield (1941) described extensive trypanosomal effusions 
in pleural, peritoneal and pericardial cavities, associated in the latter 
instance with inflammation of myo-, epi- and endocardium. The cerebro- 
spinal fluid contained numerous trypanosomes, but the lesions in the 
nervous tissue were singularly slight, being limited to a histiocytic infiltra- 
tion of the cerebral membranes. The cell count and protein content 
were not much raised. 

Symptoms are similar to those evoked by T. gambieme, though febrile 
l)aroxy8ms are more frequent, and severe glandular enlargement is not 
often met. The disease, generally runs a much more rapid course, and 
fatal symptoms usually supervene within a year of infection, death taking 
place from convulsions. Acute mental symptoms, such as mania, are 
frequent, 

Buchanan observed that rapid emaciation, weakness, fever and cedema 
constitute the most obvious signs of toxic action resulting from this 
infection, while careful observation on the heart showed that in nearly 
• very one there is a marked effect on the cardio- vascular eyst^m, with 
irritability and tachycardia. The characteristic erythematous rash is 
ii^^ually marked. 

The course of the infection is usually so rapid that patients succumb 
I cfore the sleeping-sickness stage develops. 

hamboni and Howat (1985) recorded that very mild and almost 
> inptornless infections may occur in natives of Nyasalaud. The parasites 
* v quite numerous in the blood-stn^am, but an» not seen in the glands 
‘ ^ cerebro-spinal fluid. On inoculation into animals a virulent infection 
Similar oases were reported by Woolf in the valley of the Rovuma 
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River in Tanganyika in 1910, and it has bfeen shown that these symptorn- 
less carriers may be the starting point of an outbreak. 

Diagnosis is the same as for T, gambiense. In acute cases trypanosomes 
are plentiful in the peripheral blood and diagnosis can readily be made by 
examinations of thick drop specimens. Possibly the parasites are more 
easily demonstrated by lymphatic-gland puncture. Thus, Kleine found, 
in a series of 82 cases, 24 had trypanosomes in their glands and blood ; 
4 in the glands but not in the blood ; and 4 in the blood only. 

Corson proved, in a self-inflicted experiment, that a local circular 
erythema with a darker and slightly tender centre is a useful indication 
of an infective bite by glossina in light-skinned people. 

Treatment 

Atoxyb tryparasamide and antimony preparations {see pp. 133-135), which 
are of use in T. gambiense infections, appear to be relatively powerless in T, 
rhadesiense cases, but tryparsamide has been used along ^ith antrypol with 
success {see Maclean, p. 136). Unfortunately, some of the apparently cured 
cases which have been recorded have subsequently relapsed. 

The treatment with antrj^pol (Germanin) is more hopeful, and remarkable 
successes have so far been recorded ; in fact the drug appears to exert a 
much more immediate action than in T. gambiense infections. Dye, in 
Tanganyika Territory, advised intravenous injections on the first, third 
and fifth days, and subsequently at interv^als of five to seven days till a 
total of 7 grm. has been administered, and claimed the disappearance of 
the trypanosomes from the peripheral blood within twenty-four hours. 
Antrypol, no doubt, has a remarkable sterilizing effect in early haemic 
infections. 

The Editor had two striking examples in young Europeans, both of whom 
were permanently cured with 2 grm. of antrypol given within fourteen days 
from the time the infection was detected : orie bad entirely failed to respond 
to tryparsamide. The latter does not exert an action on T. rhodesiense com- 
parable to that on T. gambiense. Corson, in Tanganyika, believed that tr>’- 
parsamide has a place in rhodesiense infection as an after-treatment. 

There is some evidence that in man a strain of antn'pol-fast trypanosomes 
may be evolved, as Morgenroth and Freund demonstrated in mice, and Kleine and 
Fischer in monkeys and cattle. One case under the Editor’s care relapsed and 
died after 33 grm. of antrypol, and the tiypanosomes reappeared in the blood 
and cerebro-spinal fluid, apparently quite uninfluenced by the drug. 

Proph}d0xi8. Prompted by his mvestigations of the hypothesis 
that big game act as a reservoir for T. rhodesiense t Yorke advocated the 
extermination of this fauna, but recent investigations tend to show that 
th^ conclusions were premature and that man himself may often be the 
chief source of infection. Jack, in Southern Rhodesia, studying the 
bdiaviour of G. morsitans, found that the fly was attracted to man by 
stimuM of movement or scent. Dark colours were most attractive, 
clothing appeared to have some protective value. 

Other prophylactic measures are the same as those advocated for 
T, gambiense, 

Pr^ylactic injection of antrypol.— Duke (1984) showed by 
expenments on human volunteers that the prophylactic action of antrypol 
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is more effective against T. fliodenense than T, gamhiense. He found that 
a single dose of 1 grm. of antrypol, intravenously, will protect a man for 
at least 118 days. Within certain undetermined limits the protective 
effect may be directly proportionate to the number of doses given ; but 
it is advisable that inoculations should be repeated every three months. 

For further details of African trypanosomes, see Appendix, pp. 853-857. 

IL SOUTH AMERICAN HUMAN TRYPANOSOMIASIS 
Synonym. Chagas’ Disease. 

Deflnidon. — Usually an acute, more rarely a chronic disease, caused 
by Trypanosoma {Schizotrypanum) cruzi^ and disseminated by certain 
reduviid bugs. The acute stage of the disease is characterized by diarrhcea 
and enlargement of lymphatic glands and spleen, accompanied by cerebral 
symptoms. The chronic form may manifest special symptoms, according 
as the heart or other important organs are most invaded by the parasite. 

History. — Originally the trypanosome was found in the blood of a monkey 
which had been subjected experimentally to the bites of Panstrangylvs (Triatoma) 
megistus, and subsequently in 1909 Chagas found the same trypanosome in 
(!hildren in Brazil; at the same time he traced the development of T. rruzi 
in the reduviid bug, Panstrongylus mgjgistus^ which transmits the disease to 
man and domestic animals, although allied species of bug, and even other 
arthropods, have been found by Brumpt to have the power of transmitting 
the infection, at any rate under experimental conditions. The most complete 
work on this subject is the monograph by Dr. F. L. Nino, Buenos Aires, 1929. 

. Geographical distributioii. — In the provinces of Minas Geraes, 
Sao Paulo, Rio Grande do Sul, and Goyaz in Brazil ; in the states of 
' Trujillo and Miranda in Venezuela ; in San Salvador (Segovia) ; and in 
the Western Argentine in Tucuman and Jujuy (Mlihlens and Zuccarini) ; 
in children in Cordoba (Argentina) and in the Catamarca province (Geog- 
began). (Map I.) The disease has also recently been found in Panama 
and in Guatemala (Reichenow), in Bolivia and Peru (Escomel), Chile 
(provinces of Tarapacti and Jurico — Gasic), in Venezuela, San Salvador 
(Tejera), in Uruguay (Talice), and in Mexico (Bmmpt and Mazzota). 

That this trypanosome is probably a more frequent infection than has 
hitherto been suspected, is showm by Uhe fact that Noguchi (1924) recorded 
the isolation of a trypanosome from the blood of a yellow-fever patient 
in Colombia. 

Trypanosoma enm, or trypanosoma resembling it, have been found in 
ngrt {Pamtrongylns, Triatoma and Rhodnius) in California and in Texa^, 
t they apparently do not transmit the disease to man in these regions. 

it remains to be seen whether T. crun is confined solely to the New World, 
M alamos has discovered this trypanosome m monkeys imported into Germany 
the Dutch Bast Indies, where Triatoma rubrofasciaia is known to occur 
i is infected with a trypanosome {T, ocmorrkini). 

‘ i is remarkable, as pointed out by Hoare, what a comparatively rare 
hi iiuin disease this is, considering its wide range in the insect inter- 

iii* ■' 

tlology.-— During the febrile attacks the parasite, T. enm, can 
und only sparingly in the blood, though in the acute disease, as seen 
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in children, it is more abundant. In chronic cases, in which tlu^ clinical 
symptoms may be puzzling, parasites are apparently absent. Apparently 
in human beings this is a disease of childhood, but in Panama a case has 
been found by Ludeberg in a man of seventy-seven. 

This trypanosome was at first referred to a separate genus, Schizoiry^ 
panum, on account of its distinctive method of multiplication in the 
human body. Instead of the longitudinal division which occurs in other 
species of trypanosomes, this parasite proliferates in the cells of the 
internal organs, especially in the interior of striated muscles, such as the 
heart. Two forms, one slender, the other broad, are found in the peripheral 



FIf. 20. — TrypanoBoma cruzi : schizogony in heart-musde. 

{From a preparation by J. Gordon Thomas.) 


blood. In the internal organs multiplication takes place by schizogony 
(Fig. 20) at a very rapid rate, the resulting forms resembling leishmania 
bodies which, four days later, become transformed once more into trypano- 
somes that invade the blood-stream. (For a complete account of the 
parasite, see Appendix, p. 857.) This trypanosome, as it occurs in the 
blood, can be distinguished from other human trypanosomes by its peculiar 
“ C ’’-shape, and by the oval shape of the kineto-nucjeus. Dividing forms 
are never seen in the blood. It is by no means certain whether it is related 
to, or identical with, Trypanosoma vesperiUionis in bats. 

T. cruzi is easily cultured on N.N.N. mediurr^ in which it assumes the 
stunted forms usually seen when it is found in its definitive hosts. 

TOe reservoir-hosts of T. cruzi are animals peculiar to the country in 
which the disease occurs ; there are various species of armadillo, oposf^m 
and others (see Appendix, p. 859), ? 
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Transmission. — The adult trypanosomes are ingested by the inter- 
mediary invertebrate host, the bug, Panstrongylus viegistiLS,^ either in its 
larval, nyinphal, or adult stage (Fig. 892, p. 998). After they have passed 
through many stages in the intestinal canal, in a period of 8-10 days, 
fully formed trypanosomes, known as “ metacyclic ” forms, re-appear in 
the hindgut and are passed out through the faeces of the insect. Lifection 
of man, therefore, probably takes place when the insect defaecates into the 
wound caused by its bite. The original idea of C. Chagas (1909) that 
infection is conveyed by the bite of the Panstrongylus has not been con- 
firmed. Mayer stated that infection may be conveyed through the bug 
in a hereditary manner. In the Northern Argentine the common host 
appears to be the “ Unchuca ” (Triatovia injestans) ; in Uruguay T. 
rubrivaria, but many other species of the genera Panstrongylics, Rhodnius, 
Krah/nis and Triatovia can transmit the infection {see Appendix, p. 859). 

Under experimental conditions, all laboi:atory animals can be readily infected, 
and under natural conditions the domestic cat has been found to harbour this 
trypanosome. Developmental forms have been found in bugs as far north as 
Utah {see p. 143). In infected animals transmission from the parent to the 
offspring in vtero can apparently take place, according to C. Chagas, who originally 
affirmed that congenital transmission frequently takes place in man. 

Pathology. — The post-mortem appearances have been described in 
children. The heart is usually enlarged and there is an excess of yellow 
or greenish pericardial fluid, sometimes containing a few fibrinous flakes. 
In microscopic sections there is evidence of diffuse myocarditis and between 
the muscle fibres there is extensive infiltration of lymphocytes, plasmocytes, 
macrophages and round cells. There is enlargement of the spleen, 
parenchymatous degeneration of the liver, and general enlargement of the 
'mesenteric glands. The thyroid gland, as a general rule, is congested and 
hypertrophied (but see p. 147). There is general infiltration of the sub- 
cutaneous tissues and thickening of the serous membranes. Subserous 
ecchymoses are common, and small haBinorrhages in the brain and spinal 
cord have been described. The skeletal muscles appear to be the seat of 
(‘lection for multiplication of the parasite, and the changes are essentially 
similar to those in the heart. The gross lesions in the various organs are 
due to the presence of the parasite. Under the microscope, cyst-hke cells, 
containing leishmania forms, can be found, particularly in the striated 
muscular fibres, and in those of the heart. ^Tien the suprarenal glands 
are affected,^ pigmentation of the skin and other evidence of Addison's 
disease have been observed. The blood does^not show great changes, as 
a rule, but in the acute stages considerable leucocytosis with mbnonuclear 
increase has been recorded. The trypanosome may persist without 
causing severe aneemia for a very long period, and has been found in the 
•ilood of a man twenty-five years of age who exhibited no marked symptoms 

disease. 

Symptoms. — Attention has. been drawn to a primary lesion — termed 
^».V South American obrtrvers a chagovia — which results from invasion 
''i the skin and surrounding tissues by proliferating trypanosomes. This 

1 , , ' 'l bu« has been given various flyiiouyms at various times, and Is descrlbcul In tl.e literature as 
j riuUnna nufgitia^ Lamus and Ccnorkinv* nugitftis. 

11 
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takes the form of a local inflammatory swelling, in which leishmanial 
forms of the parasite multiply within the fat cells. This is followed by a 
centripetal lymphangitis with formation of nodules along the path of the 
vessels. 

Mazza and Freire described similar lesions which they considered hesma- 
togenous : cutaneous swellings, the size of olives, adherent to the skin, 
in the suprahyoid, pectoral, and other regions. On the chest they may 
be as long as 8 cm., raised above the level of the skin, of cartilaginous 
consistency and violet-red. Some fourteen days after the infecting bite 
a rash may be seen (Mazza and Mizara) on chest and abdomen, consisting 
of sharply defined red spots, the size of a pin’s head. There is no pain 
or itchmg, and the exanthem fades entirely within seven to ten days. 

Some three weeks from the time of 


infection oedema of the eyelids, some- 
times also of the malar and temporal 
j regions, together with unilateral con- 
junctivitis .(Romana’s sign) is noted 
(Fig. 21). There are some reasons for 
believing that occasionally the con- 
junctiva may be the port of entry for 
T. cruzi, as Ej Chagas has shown ex- 
j perimentally (by placing the excreta 
j of bugs on the rabbit conjunctiva). 
Furthermore, in an accidental labora- 
tory infection recorded by Herr and 
Brumpt, the site of entry was un- 
doubtedly the conjunctiva, and in- 
fection was follow(*d by dacrocystitis, 
swelling of the face, pyrexia and 

^ „ X . * adenitis. According to Talice and 

Fig. 21.— Unilateral conjunctivitie « i . . ^ u 

•n eariy iUn of Inlecttoo wHh T. cra^i dacrocystitis may be uni- or 

{PMicatiun No, 24,Universidad Buenos bilateral, and is invariably accom- 
Aires), panied by facial cedema. 

Enlarged l3rmphatic glands contain- 
ing leishmania forms of T. cruzi are described by Mazza, in association 
with the inoculation chagoma, in satellite lymphatic dissemination, as 
weU as generalized lymphadenitis. 

The farther course of the disease is at present rather obscure. Chagas 
(1984), in an experimental inoculation of a patient suffering from incurable 
mali^iant disease, observed no outstanding manifestations beyond 
intermittent pyrexia. Trypanosomes appeared in the blood on the 
thirty-eighth day. 

There have Iwn so many discrepancies in the published accounts of 
the clinical manifestations that it is difficult to describe any particular 
83 rmptom 8 as distinctive. Some believe that there are none. Miller, foi 
instance, found his Panama cases distinctly negative, and the trypano 
somes vanished from the peripheral blood within the course of a fev 
weeks. Beichenow (1984), working in Guatemala, observed sevepl 
qrmptomless eases and thought that the infection may differ in int^sity 
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in different countries. There, about 8 per cent, of children of five months 
of age are infected, and trypanosomes were present in the bloodstream 
for ten to thirty days. 

Chagas and his colleagues described an acuit form with pyrexia, especially 
in infants, with general anasarca and thyroid enlargement, and sometimes 
also with general lymphadenitis. The liver and spleen may both be enlarged. 
In the terminal stages the child develops symptoms of meningo-encephafitis. 
Mazza and his colleagues describe? an intermittent quotidian type of fever with 
a double peak as strong presumptive evidence of Chagas's disease. Intermittent 
fever persists as long as the trypanosome is present in the blood. The chronic 
farm, according to Brumpt, may assume a myxoedematous, cardiac or nervous 
complexion. The former is frequent in children up to fifteen years of age and 
is characterized by thvToid insufficiency*, scanty urine and dry skin. The cardiac 
type is characterized by cardiac arrhythmia and extrasystoles with brachycardia ; 
the nervous type by intention tremor and various paralyses. 

Kraus has pointed out that it is difficult to distinguish endemic goitre and 
cretinism, which are frequent in the geographical range of this disease, from 
acute and chronic trypanosomiasis as depicted by Chagas. Munk has found 
that in Brazil, where Chagas made his observations, 75 per cent, of the population 
normally has goitre and there is a cretin in almost every family. It is therefore 
more than likely that the signs of thyroid insufficiently formally ascribed to 
Chagas’s disease are not, in fact, due to it. 

A more recent account by Talice and liial (1941) described an investiga- 
tion of 165 acute infections in children in Uruguay. The diagnosis was 
established by the xeno-diagnostic method. There were twT) deaths from 
myocarditis, established at autopsy. More extended practice with the 
riscerotonie (p. 342) has established the fact that death m Chagas’s disease 
is usually due to involvement of the myocardium. Meningo-encephalitis 
has been dt‘scribed as an early or later manifestation. 

Diagnosis. — The trypanosome is usually present in very small numbers 
ill the blood-stream, and prolonged search may be required. It may be 
necessary to collect the blood in citrated saline and subject it to lengthy 
centrifuging. The parasite»8 may sometimes be found in the cerebro- 
spinal fluid by lumbar puncture, but puncture of the lymphatic glands 
s(‘ldom reveals them. A readier method of diagnosis is to inoculate a 
guinea-pig with the patient’s blood : the developmental stages of the 
parasite may be found subsequently in the organs. In the acute form 
positive results are said to be obtained in 26 per cent, of cases, but in 
chronic cases animal inoculation is negative. These difficulties in diagnosis 
have led to the elaboration of a complement-fixation test (Machado, 
Villela and Bicalho). The antigen is prepared from a glycerin extract of 
heart and spleen of infected animals. Lacoste, using a glycerin spleen 
extract of infected puppy, recorded positive reactions in 68*5 per cent, 
(Machado). Recently, however, artificial cultures of T. cruzi have provided 
more reliable antigen. The specificity of the test against other forms 
human trypanosomiasis must be accepted with reserve, but it seems 
' ^ ifhuit that there is no parallelism between the Machado and the Wasser- 

| ‘“juin reactions. An intradermal test was introduced by Mayer and 
I’ifano, using an extract, “ Gruzin,” prepared from cultures of T. cruzi, 
B^mpt suggested a method of xeno-diagnosiil which consists in feeding 
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laboratory-bred panstrongylus with the blood of the suspected person, and 
demonstrating the cyclical development of the trypanosome in the intestinal 
tract. 

Differential diagnosis. — On clinical grounds, Chagas’s disease is to 
be distinguished from endemic goitre, ancylostomiasis, Graves’s disease, 
cretinism, myxoedema, Addison’s disease, and other disturbances of the 
endocrine glands. 

Treatment. — Antrypol and most arsenical and antimony compounds 
are ineffective. Spontaneous recovery in febrile cases has been recorded. 

During the last five years treatment has been carried out in Brazil by 
Mazza and his colleagues with Bayer 7602 (Ac) and since 1940 with Bayer 
9786 (As). The former is a quinoline derivative ; the latter contains 
22 per cent, of arsenic and 5 per cent, of sulphur. The dose of 7602 is 
22*2 mgm. per kilo : 5 c.c. of a 3 per cent, solution is given intramuscularly, 
rising gradually to 20 c.c. According to Talice and Rial, this compound 
acts directly on the trypanosomes and indirectly reduces the leishmanial 
forms in the tissues. Five injections are given on alternate days. 
9786 is less toxic and better tolerated than 7602, and is given intravenously 
in 10 per cent, solution. The usual dose is 1*5 c.c. (0*15 grm.) for adult 
men, and less for children and w^omen, increasing to 3*0 c.c. and even 
4*5 c.c. It is given twice or thrice weekly to a maximum total of 50 c.c. 
(5 grm.) in men, 40 c.c. for women, and 30 c.c. for children. 

This new preparation is said to be active against other trypanosomes — 
T. gambiense and T. rhodesiense. 

Prophylaxis. — This should be directed principally to the suppression 
of the insect concerned — Panstrongylus {Tinatortia) megistus (Fig. 392, 
p. 998.) This is a large black insect belonging to the family Reduviidae, well 
known to the natives, who call it “ barbeiro,” because, presumably, of its 
fondness for the face.^ The njrmphs bite and can convey the infection, but 
the adults, having wings, are more dangerous. In the daytime they live in 
the grass walls and roofs of the dirty native houses, or of pigsties, coming 
out after dark in search of their food — blood. Their habits indicate 
better and cleaner housing, sleeping off the ground, and protection by 
mosquito-netting. Some fourteen other species of bug have been found 
infected. Some are of httle practical importance. 

The fact that the armadillo is the reservoir-host suggests that human 
habitations should be placed as far away from the burrows of these animals 
as possible, and that the floors of the houses should be constructed so 
that the armadillo cannot burrow underneath them. Brumpt has called 
attention to the fact that one form of reduviid, Panstrongylus geniculatus, 
which normally feeds on the armadillo, is commonly met with in the 
burrows of a Bock, or Moco, cavy, Kerodon rup^ris, and that the trypano- 
some can be found in these bugs at great distances from any human 
habitation. Spontaneous infection of local annadilloes has been reported. 
It is, therefore, possible that the disease exists independently of man. 
Eobertson has also found large numbers of this trypanosome in the blood 
of an opossum (Didelphis) in Honduras. {See also p. 869.) 

> To Amaicsktu tbem inwcta are known a« ** kteiiig-bugK ’* because of the lerioiii they produce on the 
eyes and lipt. 
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LEISHMANIASIS 

Under the title “ Leishmaniasis ” at least three diseases are included — 
Kala-azar, Oriental Sore, and Espundia. (Map III.) These, though 
clinically quite distinct and having each a definite topical and geographical 
distribution, are all associated with what, optically, at any rate, appears 
to be the same organism, Leishniania, 

I. KALA-AZAR (VISCERAL LEISHMANIASIS) 

Synonyms. Tropical Splenomegaly ; Black Sickness ; Sirkari Disease ; 
Sahib’s Disease ; Burdwan Fever ; Dum-dum Fever ; Ponos (Greece) ; 
Mard el Bicha (Malta). 

Definition. — An infective disease characterized by chronicity, irregular 
fever, enlargement of the spleen and often of the liver, and the presence 
in these and other organs of Leishmania donovani. 

History. — The earliest description of this disease is by Clarke (1882), who 
stated that aa far back as 1869 the attention of administrative officers in Assam 
had been directed to a peculiar ^ioe&ae called by the natives kala-azar, the 
ravages of which decimated, and in some instances almost depopulated, numerous 
districts in the Garo Hills. 

Owing to the absence of malaria parasites, tertian or quartan periodicity, 
and the inefficacy of quinine in the cases of tropical splenomegaly which Manson 
had studied in England, he came to regard this disease as non- malarial and as 
one Sid generis, and suggested in 1903 that it might be a trypanosome disease. 
In that year Leishman discovered certidn small oval bodies in the spleen-pulp 
of a soldier who had died of “ dum-dum ” fever at Netley, and surmised that 
these bodies represented degenerative forms of a trypanosome. Later, Donovan 
in London corroborated Leishman 's discovery. In December, 1903, Manson 
and Low found similar bodies in the spleen of a patient from India suffering 
from the same disease, and were able to show that these bodies were not endo- 
corpuscular parasites. During recent years kala-azar has been discovered in 
Brazil. 

Geographical distribution. — Kala-azar is widely distributed. It 
occurs in India, especially in Assam, Madras, and along the Ganges and 
Brahmaputra ; in China, north of the Yangtse in a district between the 
coast and a line joining Peking, Hankow and, recently, as far south as 
Canton; in S. Manchuria ; in the Sudan (Kassala and Blue Nile districts). 
Western Abyssinia, Northern Kenya, Dakar (Senegal), Chad and French 
Niger Territory, Darfur, Northern Nigeria, French Guinea, Camoroons and 
Congo ; Tunis, Tripoli, Morocco, Algeria, and (rarely) Egypt ; in Sicily 
(Catania), Italy, Corsica, Crete (Canea), Spain (in Madrid and the east and 
south coasts), Palestine (Shapiro and Btesh), Turkey (Arar and Celik), 
Bulgaria (Mollow), Hungary (Geldrich), Yugoslavia (Abramov), Cherbourg 
(de Mouillac), Southern France (Marseilles), Portugal, Greece and the 
Grecian Archipelago (where the disease known as “ ponos ” has proved to be 
infantile kala-azar), Malta, Transjordania, and in Russia west and east of 
the Caspian, in Transcaucasia and Turkestan. , It is found over a wide area 
in South America, 
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In South America kala>azar has been found fairly widespread since its discovery 
by Migone (1913) in Paraguay. Cases were next reported by Romafia from 
the Chaco in North Argentine. The routine use of the visceroiome has brought 
many other fatal oases to light. Out of 47,000 examinations in North East 
Bra^, leishmania have been found in 41 ; others have been discovered by E. 
Chagas in Araca-jd in the state of Sergipe, and by Gatti in Northern Bolivia. 
Although this parasite was at first provisionally separated as L. chagaaif Adler 
has shown that there is no valid distinction from L. donovani and that the South 
American form readily infects hamsters. In its epidemiology it resembles 
the Mediterranean form, whilst naturally -infected dogs and cats have been 
discovered in the endemic areas in Brazil. A few cases have now been discovered 
in the States of GuArico and Bolivar, Venezuela (Pons, Martinez, Potenza, 194 1-2) . 

Epidemiology, — The main information on epidemiology has been gained 
from the Assam epidemics which, beginning about 1870, have recurred at 
irregular intervals since. The main epidemic advanced slowly along the 
Brahmaputra VaDey at the rate of some hundred miles in seven years. Its 
introduction into a village has usually been traced to some individual from an 
infected locality. Generally it clung to a place for six years and then dis- 
appeared without any apparent change in local conditions. A house seemed 
to retain the infection for many months, and natives considered it dangerous to 
re-occupy under a year. In 1922-3 it extended up to the headwaters of the river 
at Dibrugarh were it had never been known before. 

At the present time kala-azar is confined to Assam, Bengal, Bihar and Orissa 
and the United Provinces as far as Lucknow. It stretches patchily down the 
East Coast of India as far as Tuticorin. 

On account of its deadliness, kala-azar, as it swept onwards, became a terror 
to the natives. Those suffering from the disease were turned out of the villages ; 
sometimes they were made unconscious with drink, taken into the jungle and 
burnt to death. Some villages cut off all communication with neighbouring 
villages for fear of infection ; other villagers deserted their homes and even 
migrated to a different district. 

The neotropical form occurs in various types of country — in miserable hovels, 
in dense forests, in desert country and on river banks. 

It has been remarked by Kirk that the patchy distribution of kala-azar in 
the Sudan somewhat resembles that of Brazil. Here the disease is endemic 
in the Kassala and Fung districts bordering the Abyssinian and Eritrean frontiers. 
Hence the Endemic area extends westwards as far as the White Nile. In the 
southern Sudan an endemic focus was found in the Kapoeta district, which 
lies between Abyssinia on the east and Kenya and Uganda on the south. A 
third endemic area exists in Darfur, the most westerly province of the Sudan. 

Archibald and Henderson have shown that kala-azar is found in particularly 
restricted areas in eastern Sudan, especially along the Blue Nile and its tributaries 
from the Abyssinian border to within 1 50 miles south of Khartoum ; there the 
river fiows^through open, flat plains of thick loam, where the temperature rarely 
falls below 60° F. ; the disease particularly attacks ill-fed children. 

Giraud states that* in the Marseilles district the disease has been apparent 
sinoe 1922^ 146 cases having been recorded. The endemic zone does not extend 
west of the Rhdne in dry, scrubby districts where ''fihjre botUmnetise ** is most 
abnnduit. 

The outstanding epidemological features of the disease in India and China are 
that it is confined to rural districts, especially alluvial plains, and does not usually 
occur above 2,000 feet. The temperature conditions are a monthly mean maxi- 
mum below 100° F. and a monthly mean minimum above 45° F. In India a high 
degree of humidity is a common factor ; not so in China. In the Mediterwuiean 
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the greatest number of cases occur from March to May ; in Assam, in the cooler 
months from November to February ; in the Sudan, after the rains between 
August and December ; in. China no seasonal incidence has been observed. 

Mediterranean form, — In 1904, leishmaniasis was discovered in Tunis by 
Cathoire, and important studies by the Sergents, Nicolle, and many others 
showed that the parasite occurs in many of the islands and countries 
in the Mediterranean basin ; that there it is usually confined to young 
children — infantile kala-azar — the parasite of which may be a distinct 
species ; and, further, that, whilst in India dogs are seldom affected, in 
the Mediterranean basin and in Spain very many of these animals are 
naturally the subjects of leishmaniasis (L. canmum), and in most cases 
are closely associated with the infantile human disease. 

Adler and Theodor have stressed differences between Mediterranean 
and Indian kala-azar ; in the Mediterranean, children under one year are 
attacked, while in India kala-azar in infants is uncommon. (It must 
not, however, be thought that Mediterranean adults are always immune.) 
In the Mediterranean area it is a seasonal disease both in infants and in 
dogs. On the outskirts of towns and villages it usually appears in April 
but is very rare after November. In China, too, it has been observed that 
children are infected solely in the sandfly season. Thus, if a child be 
born in October the first signs may be observed in the following August. 

Nicolle differentiated the parasite, which is morphologically indistin- 
guishable from L. donovani, as Tjeishmania infantum, but Brurapt con- 
sidered that this type is normally a parasite of the dog. The resistance 
of L. infanhnn to antimony therapy was remarked upon by Adler. 

This close association between the canine and human disease is not 
invariable ; dogs are commonly found infected in Morocco, where human 
kala-azar is very rare ; in Teheran (Persia) the canine disease is very 
common : the human disease unknown. 

Probably, however, the canine form is more widespread than formerly 
supposed ; in China, for instance, it has been found in Peking as well as 
in Manchuria {see also Appendix, p. 862). 

Infected dogs can be recognized by their extreme emaciation, and 
thickened and ulcerated skin. 

Kala-azar may suddenly break out where previously unsuspected. Thus, 
Schretzenmayr described a sudden outbreak at the beginning of 1938 amongst 
Chinese troops in Canton, where the disease had not been previously noted. 
The first case w^as diagnosed through the discovery of leishmania in a malaria 
patient, and during* the next five months a further 83 cases were identified. 
The disease appeared to follow the usual course, but in a number of cases jaundice 
was a feature. Sudden outbreaks have also been recorded in Nigerian troops 
in Northern Kenya and Southern Abyssinia during the present war. 

iEtlology. — The kala-azar parasite (Plate ^ is included by most 
authorities in the genus Leishnmnia (though it is morphologically in- 
distinguishable from the genus Leptonwnas), Two stages are recognized, 
intracorporeal and extracorporeal. The parasites grow and multiply 
within the host cells in the spleen, bone marrow and lymph glands. They 
are transported along protoplasmic processes which pass from cell to cell. 
They may also be liberated from disrupted cells and taken up by others. 
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Parasites are also taken up by leucocytes and enter the bloodstream, 
where most of them are destroyed, although they may survive in numbers 
sufficient to be detected by blood culture. 

Leishman-Donovan bodies are typically parasites of the reticulo- 
endothelial cells. The parasite is a small ovoid or roundish organism 
measuring 2-4 /x in diameter.’ When stained according to Leishman’s 
method it shows two lilac-coloured chromatin masses, one larger than the 
other, enclosed in a cytoplasm having a faint bluish tint about the 
periphery. The larger is the trophonucleus ; the small rod-like body is the 
rhizoplast. It divides by longitudinal fission. 

In smear preparations the parasites are often free or in clusters of 
various numbers, sometimes arranged with great regularity like the 
merozoites in the segmenting quartan or tertian malaria parasites. 
Sometimes as many as ^ to 200, or even more, are found together embedded 
in a structureless matrix or stroma, the remains of the original host-cell. 

The parasite can be cultivated outside the body. The medium used by 
Rogers was citrated blood. When kept at blood-heat the parasites degenerate 
and disappear, but at a temperature of 20-22° 0. they multiply rapidly and 
assume an elongated motile flagellated form. The flagellum arises from the 
rhizoplast and projects at the anterior end of the body as in Leptomonas, but 
there is no undulating membrane as in trypanosomes. These flagellated forms 
measure 12-20 pL in length, and multiply by longitudinal fission. They move 
actively, flagellum foremost, and tend to agglomerate into rosette groups with 
their flageUa directed centrally. The N.N.N. medium (p. 1017) is now considered 
the best for culture, but technique must be particular, as bacteriological con- 
tamination rapidly kills the parasites. Reichenow’s medium of citrated blood 
and Ringer's solution is also very suitable. A special medium consists of em- 
bryonic hamster tissue, heparinized blood, embryonic fluid and spleen extract. 
Wenyon has succeeded in keeping the parasite alive in successive cultures for 
fifteen years. The flagellated forms have not been found in the human body, 
but Wenyon has noted that they may be associated with tvpical leishman bodies 
in canine leishmaniasis. The parasite can be communicated to dogs, cats, 
jackals, monkeys, rats, voles, hamsters and mice, provided that large doses 
are injected into the peritoneal cavity or into the Uver. To infect a dog, it 
is necessary to inject 2-4 c.c. of a thick emulsion of infected spleen, liver, or 
bone-marrow. Intravenous injection is by no means so successful, while injections 
of cultures rarely succeed. 

It has now been shown that for growth Leiahmania donovani and L. tropica 
require ascorbic acid, hsematin and alro an unknown substance in the serum. 

Transmission of the parasite. — Adler (1940) has made some inter- 
esting and suggestive observations during attempts to reproduce the 
disease in five patients with advanced malignant disease by injecting 
flagellates from cultures and from the organs of infected hamsters. The 
incubation period was five months, before it was possible to demonstrate 
the parasites in blood or glands. None of the patients developed marked 
splenomegaly, fever, or other signs of the disease during nine months, 
^e explanation of this anomaly is not at present forthcoming. 

The dog is considered the chief reservoir of infection, but in China, a 
small rodent,' the striped hamster (Criceiuhis grimis), has proved in the 
laboratory to be extraordinarily susceptible to infection, and this animal 
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has once been found naturally infected in the wild state. In Morocco a 
small squirrel (Xerus getulus) has also once been found similarly infected. 

On account of the peculiar topographical distribution of kala*azar in India, 
Sinton first suggested in 1922^ that a sandfly (Phlebotomua) was the insect vector, 
and in the same year Napier found a close correspondence between the distri- 
bution of P. argerUipes and the number of kala-azar cases, and noted that this 
species of sandfly feeds solely on man. A' similar suggestion about the leish- 
mania of oriental sore had already been put forward by Wenyon in 1911 and 
subsequently proved correct by the Sergents in Algiers. Since then a large 
amount of work on the subject has been performed by Christophers, Shortt, 
Knowles, Napier, Barraud, Lloyd, and Smith, with the result that a very rapid, 
intensive development of herpetomonas forms was found to occur in one species 
of sandfly — Pklebotomus argerUipes — when fed on the blood of patients suffering 
from kala-azar. The whole midgut becomes infected and in some individual 
insects the infection spreads to the pharynx, and even to the buccal cavity 
(Fig. 22). Subsequently it was found possible to transmit the infection to 
hamsters by artificially infected sandflies in the laboratory and later (1942) 
Swaminath, Shortt, and Anderson announced the successful transmission of kala- 
azar by the bites of sandflies to seven human volunteers. This success, after 
years of fruitless effort, was obtained by sustaining the sandfiiies during the two 
weeks of development of the parasite on fruit- juices (for further details, see p. 951 ). 

In other endemic centres different species of sandfly are involved : PWc- 
botomtis major in Eastern Mediterranean ; P. pemiciosus in Western Mediter- 
rean and North Africa ; P. chinensis and P. sergerUiy var. mongolictis in China ; 
P. langeroni in Sudan ; and P. intermediua in South America. 

An account of the bionomics of the sandfly will be found on p. 951 . 

Hu and Cash made the most interesting observation that the leishman 
bodies are taken up by the cells of the reticulo-endothelial system, or 
clasmatocytes, and these, in experimentally-infected hamsters, become 
massed as a thick layer of heavily infected tissue lying immediately 
underneath the skin, though externally no change can be seen. This 
observation has been confirmed by Hindle. In skin sections from fatal 
cases of kala-azar a similar condition has been found. All levels of the 
skin below the epidermis contained leishmania-filled cells collected in 
large masses about the sweat-glands and arterioles and scattered diffusely 
throughout the corium. The relationship betwetm tliis condition and the 
curious skin eniptions (p. 159) described in India is of interest, and suggests 
how the parasites may be abstracted by sandflies. 

It had been suggested that the transmission may be direct from man to man 
through the faeces. The evidence for this is based upon the fact that leishmama 
parasites occur in polypoid masses in some intestinal cases of kala-azar within 
the intestinal mucosa. Shortt and his colleagues demonstrated Leishman- 
Donovan bodies in numbers in blood -and-mucus stools in a boy suffering from 
kala-azar with dysenteric symptoms. 

Forkner and Zia in China, on the other hand, discovered leishmania' in 
material obtained by passing a swab over the nasal mucosa of nine kala-azar 
patients, and parasites were also seen in the material blown from the nose (droplet 
infection). The tonsils weie heavily infected. Material from these situations 
produced kala-azar in hamsters by intraperitoneal inoculation. 

Shortt and Swaminath also r3|X)rted Leishmania donovani in the nasal mucus 
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from cases of Indian kala-azar. In a certain proportion of advanced cases viable 
parasites are also excreted in the urine. 

That kala-azar may occasionally be a congenital infection has been 
suggested by Carmichael Low and Cooke (1926), who demonstrated the 



Fig. 22.— Section of Phkbotomua argeruipes, showing pharyngeal infection with 

Leiahmania donovani. (From Indian Jl. 3fed. Rea.) 

P, iamen of pbairnx P2, posterior termination of pharvnx ; T, ri(i*<e8 of crinkly 
portion of pharynx; muscles of pharynx; V, Hagellate near ant^or 
* extremity of pharynx; F2. flasrellates anterior to crinkly portion; FS, 

flagellates breaking free from main mass of growth ; F4, massive growth 
of flagellatee at posterior end of pharynx. 

disease in a child seven months old, born in England of a mother who 
sufife^ severely from kala-azar during pregnancy. The -fact that leish- 
mania is a tissue parasite makes it easier to understand congenital kala-azar 
tbao congenital malaria. 
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Predisposing causes. — Kala-azar attacks both sexes and all ages, 
but shows a predilection for recently arrived immigrants. In the Medi- 
terranean basin it occurs almost, though 
not quite, exclusively in children (five 
months and upwards) : in India it occurs 
at any age. 

Pathology. — The spleen is grossly en- 
larged. In the acute stage the capsule 
is smooth, thickened and nodular, be- 
coming in the chronic form almost carti- 
laginous. The splenic pulp is increased 
in amount and very friable. There are 
usually numerous infarctions. The hyper- 
trophy is due to congestion and reticulo- 
endothelial proliferation ; it is estimated 
that one-fifth of the spleen substance is 
composed of parasites. There is little 
fibrosis. The leishmania are numerically 
more abundant in the spleen than in 
any other organ. 

The liver is also enlarged, brown or 
mottled, almost nutmeg in appearance. 

The Kupffer cells are packed with para- 
sites. Tlu*re is some, pressure atrophy of 
the parenchyma cells and, finally, in the 
chronic stage, a fine intralobular cirrhosis. 

The bone-marrow is reddish, containing 
abundant parasites ; the destruction may 
be so exU^nsive that very little blood- 
forming tissue remains. 

The kidneys contain few parasites, which 
are carried there by the bloodstream. The 
scanty parasites which have been found 
in the urine are probably derived from 
invasion of the bladder. 

The lungs show no parasites, but are 
liable to secondary bacterial invasion on 
account of the leucopenia which is such 
a constant feature of this disease. 

In the gastro-iniestinal tract there is 
proliferation of reticulo-endothelial cells, 
especially in the duodenum and jejunum. 

The villi may become grossly hypertro- 
phied and swollen by packed parasitized 
colls. Small ulcerations are not uncommon 
and parasites can be demonstrated in 
them. 

The lymphatic glands are generally 
enlarged and congested, especially the 



Chart 6. — Four-hourly chart of kala-azar, illustrating the ** double rise ** in the twenty-four hours. 
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mesenteric group, and the tissue is usually invaded by large numbers 
of leishmania. There is also hypertrophy of the retropharyngeal lymphoid 
tissue, and leishman bodies can be found in nasal and pharyngeal secretions. 

The underlying essential pathology of tliis disease is blockage of the 
endothelial system (Hu and Cash). The parasites are engulfed by the 
endothelial cells ; they then multiply until the cell ruptures and the 
organisms, escaping into the blood-stream, are transported to other 
organs. 

Symptoms. — The incubation period is difficult to fix. In one English- 
man under Manson’s care the time that elapsed from his arrival in perfect 
health in the endemic region and the onset of fever which terminated 
in kala-azar (diagnosed microscopically both before and after death) was 
under ten days. Kirk, on the other hand, from accurate observations in 
the Sudan, fixes the period between three and six months. In some 
artificially-infected dogs, the disease, like dermal leishmaniasis, may 
remain latent for months. 

A primary lesion in the form of one or more minute dark red papules on the 
face was described by Mirzoian in Central Asia. 

The onset may be gradual or sudden ; if gradual, it cannot be diagnosed 
at all on clinical grounds. If sudden, there is usually high fever, which 
may be preceded by rigor and, in some cases, by vomiting. The initial 
fever may be very severe (Charts 6, 7). It is intermittent in some instances, 
more frequently remittent, often with a double remission in the twenty- 
four hours, resembling that of subtertian malaria. It lasts from two to 
six weeks, occasionally longer. Waves of fever, separated by apyrexial 
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periods, may often simulate undulant fever, and during the pyrexial periods 
both the liver and the spleen enlarge. There may be daily rigors, so that 
malaria may be suspected. A four-hourly temperature chart in a well- 
marked case may show a double or even a triple rise of fever. 

The spleen is usually enlarged from the commencement of the illness, 
whilst the liver does not become appreciably bigger until the disease has 
lasted some months. In rare cases in the initial stages, enlargement of 
the spleen may not be an outstanding feature, and the Editor has seen 
cases in which hepatomegaly persisted for some months before the spleen 
became palpable. Generalized lymphadenitis is common, and in China 
and in Brazil, uniform enlargemt^nt of the cervical glands has been observed. 
In India, too, cervical adenitis may sometimes occur, and sometimes, too, 
there is enlargement of the epitrochlear glands. 

Then comes a period of apyrexia and general improvement, to be 
followed once more by fever, splenic and hepatic enlargement, and perhaps 
tenderness. In women amenorrhoea is often an early symptom. In 
this way spells of fever and apyrexia recur for months, absolutely un- 
checked by quinine, until finally a low form of fever, rarely over 102°F. 
becomes more or less persistent. Profuse sweats are common during 
remissions at all stages of the fever ; in the more chronic stage rigors 
occur exceptionally. Pains in the limbs often suggest rheumatism. When 
the disease is thoroughly established, emaciation and anaemia become 
noticeable, and, together with the enlargement of the liver and spleen, 
produce a typical appearance. (Edema of the legs, sometimes circum- 
scribed, may be present. In many cases the skin acquires a strange 
earthy-grey colour ; this dusky pigmentation, which has given rise to 
the native name, kala-azar, “ the black disease,” is best seen on the feet, 
hands and abdomen in Europeans, though very difficult to distinguish 
in dark-skinned natives. The hair is apt to become dull, dry, and brittle, 
and may fall out ; petechite, in the axillsB especially, are not unusual ; 
epistaxis and bleeding from the gums are common. This condition of 
chronic fever, enlargement of spleen and liver, emaciation, and anaemia 
may continue for months or even one or two years, until improvement 
sets in. More usually — 96 per cent, of cases (Rogers), 150 recoveries in 
2,000 cases (Price), ^ recoveries in 100 cases (Lignos) — the patient is 
cut off by some intercurrent disease, especially dysentery. 

One outstanding clinical feature is that, in spite of the patient’s weak, 
emaciated condition, the pyrexia, and the protuberant abdomen due 
to splenic enlargement, he preserves a good appetite and a clean tongue ; 
he may be worlang with a temperature of 102° F. quite unaware that he 
has fever (Fig. 28). There is no malaise or apathy. In this respect kala- 
azar differs from malaria and other toxic fevers, such as typhoid. Kala-azar 
usually lasts several years, but the Sudan cases, especially, may run an 
acute course in about five months. In the terminal stages ascites may 
develop, due to gradual cirrhosis of the liver. Anaemia may become 
progressively seven'. Htemic murmurs of the heart are often heard. 
Haemorrhagi's may occur from any part of the body, and purpuric patches 
may appear on the skin after local injury. Death may ensue from several 
causes. When due to the disease alone it results from exhaustion. 
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Dysenteric symptoms are frequent, and may be due to intestinal lesions 
caused by Leishman-Donovan bodies, or to a superadded infection with 
amoebic or bacillary dysentery. Broncho-pneumonia and noma are 
frequent terminal symptoms. Proctor, however, reports that noma can 
be arrested in the early stages by scrupulous daily inspection of the mouth. 

Should a grey line of ulceration on the gums be 
seen, it should be energetically treated with car- 
bolic acid and spirit. It may be that this gan- 
grenous process is not so much due to the kala- 
azar as to the leucopenia, and it has a striking 
analogy in the an<pna which is so characteristic 
of agranulocytosis. 

Blood changes . — Anmnia is invariable in ad- 
vanced cases and is due to destniction of the 
erythroblastic tissue of the bone marrow. These 
changes are not so obvious in the infantile form. 
The red blood corpuscles are often n^duced to 
2,500,000 per cu. mm. with a corresponding and 
parallel fall in heemoglobin. 

The most remarkable change is the leuco])enia. 
The leucocytes are reduced below 8,000 per c.mm. 
in 95 per cent, of cases ; below 2,000 in 73 per 
cent. ; and 1,000 in 42 per cent. The proportion 
of leucocytes to erythrocytes, normally 1 to 750, 
stands at 1 to 1,500 or even 1 to 2,(X)0. The 
differential count usually shows a relative* increase 
of lymphocytes, a moderate increase* of large 
mononuclears and almost complete absence of 
eosinophils. (The biochemistry of the blood is 
described on p. 168. Owing to the increase of 
euglobulin in the serum, Henry’s reaction is usually 
positive.) The liability of kala-azar patients to 
pneumonia and superadded septic infections is 
ascribed to leucopenia. 

The reduction in leucocytes may proceed to 
acute agranulocytosis (Forkner and Zia in China, 
Shortt and Swaminath in India, and Gritti in 
Italy). 



FIf, 23.— -KaU-tiar in 
Mian boy. {Dr. L. E, 
Napier.) 


Davies and Wingfield (1941) have studied one such case in detail. The 
patient, who was undergoing treatment by neostibosan, had a bout of pjrrexia 
with rigors, associated with buccal ulcers and angina. Agranulocytosis lasted 
for five days. There was no response to pentnucleotide, but recovery took 
place after blood transfusion and intravenous injections of 15 mm. of adrenalin 
(1 in 1000), at ten minutes intervals. 

Huang studied a series with this complication exhibiting throat and skin 
lesions. Some cases were due to leishmania infetition, whilst others appear 
to be caused by antimony treatment ; the latter are the most severe. A blood 
jpiatelet count of over 100,000 per cu. mm. may be regardful as favourable. The 
blood pressure sinks appreciably, the systolic reading falling below 100 mm. of 
mercury. 
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Acute toxic kala-azar. — Whon kala-azar breaks out in a new area, 
(‘specially in the stress of war, it may assume an acute and almost un- 
recognizable form. This happened in Nigerian regiments during the 
recent Abyssinian campaign, as reported by Cole, Cosgrave and Robinson. 
The case mortality-rate of one outbreak was almost 50 per cent. The 
onset was sudden, often with rigors, Jieadache, epistaxis, high fever, 
abdominal pain, vomiting, painful liver and spleen. In a proportion of 
cases the course of the disease was so rapid that the spleen never became 
palpable. Renal symptoms were noted, whilst the urine contained 
albumin and casts. The complications were haemorrhagic : bleeding from 
gums, skin petechiae, and blood-and-mucus stools. (Edema was noted 
in three cases, and in three there was general anasarca (Cole, 1944). 

Infantile kala-azar. — The symptoms of the infantile form are, on 
the whole, similar to those of the adult type and differ only to the extent 
that might be expected in a disease of very young children. The onset is 
usually insidious, with some fever and gastro-intestinal upset. The 
spleen and liver enlarge, and the child becc^mes apathetic, anaemia and 
emaciat(‘d, and the abdomen protrudes. Irregular attacks of fever occur, 
and the child often suffers from epistaxis, bleeding from the gums, and 
haemorrhages into the skin. The lymphatic glands are usually enlarged. 
The clinical picture resembles infantile splenic anaemia (Banti’s disease). 

Dermal leishmanoid. — A cutaneous form of leishmaniasis, in which 
the parasite's occur in nodules of the skin on face, forearms, inner aspects 
of thighs and pubic regions, was first reported by Christophers in India 
in 1904, and Thomson and Balfour in the Sudan in 1909, and has since 
been observed in the Blue Nile (Kassala) districts. It was described by 
iirahmachari in India under the name of “ dermal leishmanoid,’' or 
“ post-kala-azar leishmaniasis.” It is certainly a sequel to generahzed 
infection with L. donovaniy as more than half the patients who exhibit 
this curious eruption have suffered from kala-azar about one year previously 
and have been given antimony treatment. The leishmania are found 
in siiumrs from the nodules, and cultures have been obtained from the 
lesions. It is not at all clear at present what the significance of this 
phenomenon is, or what factor causes the organisms to estabhsh them- 
selves in the skin. This condition occurs in all classes of the community, 
in persons of all ages and both sexes. Though not all give a history of 
kala-azar, it is generally conceded that leishmanoid is a sequela of 
generalized leishmania infection, and the dermal lesions usually make 
their appearance from one to two years after all signs of visceral disease 
have disappeared. 

The first, or depigmented, stage usually appears as colourless patches on the 
face and upper extremities, gradually spreading to the remainder of the body. 
Minute dots gradually enlarge to irregular areas half an inch in diameter, which 
occasionally tend to break down. There is oedema of the subpapillary tissues 
accompanied by dilatation of the vessels. Below this there is infiltration by 
macrophages of the subpapillary plexus. The second, or nodular stage, is seen 
about two years after antimony treatment. (Fig. 24.) Usually the nodules 
replace the depigmented patches, but there are certain areas, su^ as the face, 
where the nodules appear much earlier than in other parts of the body. They may 
extend to the raucous membranes and ears, and may closely resemble leprosy. 
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Fig. 24.— Dermal leishmanoid. Extensive nodular lesions on face and ears. 

{AcU>n and Napier, Ind, JL Med. Hes.) 


In the Sudan a punctate cutaneous eruption has been described by Kirk, and in 
the larger nodules leishmania can be demonstrated, especially towards the 
completion of antimony treatment. The epithelium is thin and the subpapillary 
layer is oedematous, with atrophy of the fibrous and elastic tissue. Subjacent to 
tli^ cedematous area is a granulomatous mass consisting of proliferating macro- 
j^ges. There is also a xanthomatous form. These lesions are raised, orange- 
coloured plaques which are painless and do not ulcerate. 

Preliminary treatment with massive doses of potassium iodide causes the 
nodules to ulcerate and they then become susceptible to intravenous injections of 
aminoetiburea. 

Associcdion of kcHorozar rxnJth oriental sore . — It was formerly considered 
that these two clinical entities were never associated, but this appears 
to be by no meaps invariable. Originally Christoph erson, and then Kirk 
and Macdonald in the Sudan, described cases where visceral, cutaneous, 
and even mucosal lesions are present in the same individual. In China, 
too, Wang found subcutaneous nodules, composed of endothelial cells 
with many leishmania. In the Sudan form of kala-azar, circumscribed 
cutaneous ulcers with a tendency to coalesce are the most frequent. 
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Eye lesions, — R. E. Wright showed that when eye lesions occur in 
kala-azar» as in malaria, they 'are due to retinal haemorrhages in the 
posterior segment of the eye. 

Immunity. — There is no definite evidence of the mechanism of immunity 
to kala-azar. It has been shown that immunization against bacterial 
infection is not interfered with by the blockage of the reticulo-endothelial 
system which results from generalized Icishmania infection. 

Diagnosis. — Irregular chronic fever with enlargement of the spleen 
and diminution in the number of leucocytes in patients from the endemic 
zone suggests kala-azar. Examination of the blood can at once exclude 
leucocythsBmia and also malaria, if taken together with absence of tertian 
or quartan periodicity and the inefficacy of quinine or atebrin. 

Splenic puncture must not be lightly undertaken. A preliminary examination 
of the blood should always be made to ascertain the degree of anaemia, to exclude 



Rg. 25.““Splccn puncturing syringe, (After Dr. L. E. Sapier.) 

leucocythaemia and to obviate the necessity for splenic puncture, and the attend- 
ant risk of fatal haemorrhage so easily induced in that disc^ase. Liver puncture . — 
When the liver is enlarged, it should be punctured instep of the spleen as it is 
less vascular and less easily tom, but, as a general rule, the parasites are not so 
abundant and the results are therefore unsatisfactory. In performing puncture, 
the abdomen should be firmly fixed with a binder to prevent, as far as possible, 
movement of the diaphragm and consequent risk of tearing the punctured 
organ. The patient should 1^ injected with x A o g**. of atropine one hour previously, 
and the puncture site infiltrated with novocain to deaden pain. It is wise to 
give 30 gr. of calcium lactate the evening before and on the’ morning of the 
puncture. The lower border of the spleen or liver should be steadied by the 
hand. A hypodermic needle, scrupulously clean and dry,^ and connected with 
the barrel of the syringe by a short length of rubber tubing, should be used, the 
patient being directed not to start or breathe when the puncture is being made. 
The type of needle is most important. The bore should be neither too big nor too 
small. The Eklitor has found Maw’s size No. 10, with a shaft 40 mm. in length, 
the most suitable, and Napier has devised a special spleen-puncture syringe 
( Fig. 26). FaOure to draw blood is not to be regarded as failure to obtain material 

* A traco of water iu the needle will dletort or buret the pareelte end render it unrecognisable. 

12 
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for miorosoopical examination ; on the csontrary, it is an advantage, as the object 
is to procure spleen or liver pulp, not blood/ After the contents of the needle 
have been blown out on a slide, it may be trans-illuminated by an electric 
pocket*torc4 to discover the minute sago-like masses of splenic tissue, A 
film should then be spread and, after it has dried, stained by Leishman’s or 
Giemsa’s method, and then examined with a in. objective. Adler ^ints 
out the desirability of culturing the material obtained on suitable media, as 
the parasites may be so few as to be missed by examination of smears. 

Splenic puncture is not advisable in infants on account of the danger of 
laceration and intraperitoneal h»morrhage. For puncturing the liver the site of 
election is the 7th or 8th intercostal space in the mammary line. 

LipnphcUic gland puncture is efficient and simple (Kirk and Sati), 
generally most efficacious in the glands of the groin. The lymph is massaged 
into the needle, into which it runs by capiflary attraction. The skin is 
sterilized, and the glands identified, pulled up from the underlying 
tissues and steadied by juxtaposition of the index finger and thumb, 
A dry sterile needle (hypodermic 16) is pushed through the skin into the 
gland, and it is easy to feel when the needle has entered. It is held there 
for a second or two, then quickly withdrawn and attached to a small 
syringe, by which the gland “ juice ” in the needle can be blown on to a 
slide and stained by Leishman stain. 

Sternal puncture was advocated as a diagnostic procedure by Lovando in 
Athens, Andrew Ura, Regli, L. Brumpt and Benhamou. It is safer and surer 
than spleen puncture, and Chung in Peking considered it the best method, 
and that a local ansesthetic is seldom necessary. A shortened lumbar puncture 
needle is inserted at an angle of 30 or 40 degrees at the level of the second or third 
interspace. The needle, with contained stylet, is pushed with a boring action 
through the bony lamina. When the marrow is reached, the stylet is removed 
and a syringe for aspiration attached. Even in the absence of parasites, a 
myelogram is said to be distinctive*. The average is : granulocytes 23, erytho- 
blasts 24, hyaline leucocytes 53. Normally granulocytes are four times as 
numerous as erythroblasts and 3*5 times as hyaline leucocytes. 

Bone puncture , — Giraud considered tibial puncture the method of election 
in young children. The point selected is the inner surface of the tibial epiphysis, 
1 cm. below the knee joint. A fine trocar and cannula is passed until entry 
into the spongy tissue is signalized by loss of resistance. The bone marrow 
changes indicate regenerative action of the normoblastic type and inhibition 
of myeloid cells (see above). The material should be sown on appropriate 
media in every case, as parasites are usually too few to detect in smears. 

Blood examination , — The frequency with which tliis parasite has been 
foimd by blood examination varies in different localities. In some places, 
as in Madras and Assam, Leishman-Donovan bodies are evident in about 
60 per cent, of all cases examined, enclosed within large mononuclear 
cells, and to a lesser extent within polymorphonuclear leucocytes. 

Knowles and Das (3upta used thick films, prepared by placing four 
diops of blood on a slide, mixed so as to cover an area of J sq. in. The 
film is covered ^th a Petri dish and dried at 87® C. for two hours. It is 
tiien flooded with glacial acetic acid (2*5 per cent.), 4 parts, crystalline 
tartaric acid (2 per cent.), 1 part, for five minutes. After tilting off ttie 
fluid, the film should be fixed with methyl alcohol and covered wi^ dilute 
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Oiemsa stain. It is claimed that by this method leishmania can be found 
in 67 per cent, of cases. 

Shortt and his colleagues place a small drop at one end of a slide 
with a second one applied in the usual manner, and spread a thin him. 
At this stage the spreading slide is abruptly lifted, so that the blood-smear 
ends in a straight edge which is somewhat thicker than the rest of the 
smear. 

Young and Van Sant obtained good results by centrifuging 5 c.c. of 
blood in Locke’s solution (modified) (sodium chloride 9 grm., potassium 
chloride 0*4 grm., calcium chloride 0*2 grm., sodium citrate 10 grm., 
distilled water 1,000 c.c.) at a speed of 750 revolutions. The parasites are 
readily discovered in films from the bottom of the centrifuge-tube. 

It is stated that parasites are more readily found in the blood-stream 
after intravenous injection of 10 min. of 1 in 1 ,000 solution of adrenalin. 
Chopra claimed that intravenous injection of pentavalent antimony com- 
pounds causes contraction of the spleen and appearance of the parasites 
in the peripheral blood. 

Wenyon stated that the presence of the parasite in the peripheral 
blood can be more easily verified by blood-culture. For this purpose 
2 c.c. of blood is drawn off by means of a 2 c.c. syringe, and mingled with 
1 c.c. of 6 per cent, citrate solution in a sterile tube ; this is placed in a 
cool incubator and allowed to sediment for two hours. The deposit is 
drawn up by a pipette, inoculated into two or more tubes of N.N.N. 
medium, and placed in a cool incubator. Examination of cultures is made 
al>out the tenth day, when flagellate fonns are observed, but observation 
must be continued for at least twenty days. Splenic pulp may be cultured 
in the same manner. 

Biochemical reactions . — The alkalinity of the blood is said to be decreased, 
while in some cases the coagulation-time is very considerably prolonged. 

A spedOo cmnplement fixation test was introduced by Niyogi and Ray (1942). 
The antigen is prepared from washed flagellates from 48-hour cultures of L. 
donomni : 60 millions per c.c. was found to be reliable. The suspensions were 
shaken for 48 hours in a machine and then kept in a refrigerator. 

Aldehyde test (or the serum -formalin reaction (Brahmachari^ and Napier) 
proved to be very useful as a method of diagnosing kala-azar on a large scale. 
About 5 c.c. of blood is withdrawn from a vein and allowed to stand a sufficient 
time for the serum to separate ; 1 c.c. of clear serum is then placed in a test-tube 
(3 by ^ in.), and to this 1 drop of 30 per cent, formaldehyde, or commercial 
formalin, is added. The serum is at once well shaken and placed in a test-tube 
rack at room-temperature. In a certain proportion of cases of kala-azar, 
especially in ohronio oases, solidification of the serum takes pla<^ within a space 
of three to twenty minutes, but a control of normal serum should always be mad^. 
Napier himself states that “ jollification ” with opacity (like the white of an egg) 
of the serum may be taken as diagnostic of kala-azar if the disease is of more than 
three or four months’ standing, but milkiness without solidification only takes 
place in early cases. But in exceptional oases even this reaction does not become 
apparent until an advanced stage. Should the serum be hsemoglobin-stained, 
this will change to chocolate-brown after twenty-four hours. In certain oases 
(>1* syphilis, leprosy, hepatic cirrhosis, bUhai^asis, subacute endocarditis, 

’ An a mattar of btotorioal iutofoat thla Umt waa tlrat introduoea in 1921 hj Spackman as a modifioatfon 

the fomol-ftl test of Oats and Papaooetaa. 
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lymphadenoma, phthisia, and malaria the serum will solidify, but remains clear 
and does not bewme opalescent as in kala-azar. The reaction, which occurs 
in twenty minutes, is given as -f + + ; after two hours as -f- + , and after 
twenty-four hours as + • 

Other so-called lability reactions are also positive, as for instance, the Takata- 
Ara which is used for the diagnosis of liver cirrhosis and other diseases with 
increase of globulin in the blood : 0*02 c.c. of blood is mixed with 0-6 o.c. of 
distilled water. Haziness or cloudiness develops after five minutes and the 
globulin test is positive ; after fifteen minutes a distinct precipitate occurs. 
The distilled water must ^ neutral with pH varying between 7 and 7*2. 

In kala-azar it has been proved that the plasma globulins are increased, 
while the albumins are diminished. In kala-azar, the albumins are 2*8 ; the 
globulins 4*0, as compared to 4*5 and 2*0 per cent, respectively in the normal. 
Lloyd and Powell constructed a typical globulin curve of kala-azar in which 
euglobulin constitutes 40-50 per cent, of the total. Auto-agglutination of the 
red blood -corpuscles is often noted, as in trypanosomiasis, more especially 
in advanced cases. 

ArUinumy teM, — Chopra pointed out, and Napier confirmed, the curious fact 
that the addition of a 4 per cent, solution of pentav’alent antimony compounds 
to kala-azar serum causes a heavy precipitate, the amount of which corresponds 
to the efficacy of that compound in the treatment of the disease. 

The method is as follows : One to two drops of blood from the pricked finger 
are allowed to flow into a Dreyer's tube in which has been placed 0-25 c.c. of 
a 2 per cent, potassium acetate solution. The tube is then inverted to mix 
the contents ; a little of this mixture is transferred to another tube, and a 4 
per cent, solution of the antimony compound (stiburea. for example) is added 
by means of a capillary pipette and allowed to percolate along the wall, so that 
it comes to lie below the blood mixture. In a positiv^e case a flocculent precipitate 
forms at the junction. In very early cases it may not apf)ear for 10-15 minutes : 
in the more advanced it is immediate. The character of the precipitate is 
important in kala-azar ; it is so flocculent that it is not easily broken up by 
shaking, and it does not disappear in twenty-four hours. 

In cases of doubt it is a good procedure to dilute the serum with 10 volumes 
of distilled water and to repeat the test. Alcohol must not be used for cleansing 
the finger. Andr^ (1932) claimed that the results are improved by reading the 
opalescence produced in kala-azar serum by urea stibamine by means of the 
“ Vemes-Bricq-Yvon ’* photometer. 

Napier stated that the aldehyde and antimony tests are almost of equal value. 
Out of 201 cases of kala-azar diagnosed by discovery of the parasite, 156 gave a 
positive antimony test, and 128 the aldehyde test. 

Sensitization tests, — Intraderme 1 injections of alkalinized extracts of L, donmxini 
cultures tisually give positive reactions, but their diagnostic value is open to 
doubt. 

Differential diagnosis has to be made from splenic anaemia, malignant 
endocarditis, cirrhosis of the liver, trypanosomiasis, and Egyptian spleno- 
megaly {Bilharzia imnsoni) which, save for the absence of the parasite 
and the characteristic pyrexia, may closely simulate kala-azar. Visceral 
syphilis, ^th enlargement of liver and spleen, malignant disease and 
tnbercolosis of the spleen, may have to be excluded. In China and Japan 
kal^azar may have to be differentiated from intestinal biiharziasis 
{BUharzia ja^nica), in which (uilargement of the abdominal organs may 
occur. The remarkably clean tongue and the good appetite serve in some 
measnre to differentiate kala-azar from chrcmic malaria, to which may be 
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added the conBiderable emaciation, absence of extreme anaemia, double 
daily rise of temperature (in 88 per cent, of cases), distension of the super- 
ficial abdominal veins, and pigmentation of the extremities. 

Treatment 

Antimony treatment. — At first intravenous antimony tartrate {sodium- 
antimmiy tartrate) or, less commonly, potassium antimony tartrat(% was employed 
hy the method introduced by Vianna in Brazil for dermal leishmaniasis. The 
results achieved in India by Rogers, Mackie and others were very encouraging, 
and subsequently led to the development of more highly organized compounds 
of antimony, such as the pentavalent salts. 

Neoantimosan (P^ouadin) (see p. 686), a tri valent antimony compound, 
by intravenous or intramuscular injections, has been used for treatment, 
but is not so satisfactory as the pentavalent compounds. 

The reaction of a kala-azar patient to antimony treatment can be 
assessed in various ways : in improvement in the clinical condition, 
increase in body- weight, shrinkage in size of the spleen and of the liver, 
and increase of the leucocyte count. The relative proportion of serum 
globulin can be gauged by the aldehyde test, which is positive so long 
as the parasites remain active in the body and. moreover, persists for two 
to threa months after the patient has, to all external appearances, com- 
pletely recovered. 

p]v<‘n in cases reacting favourably to treat intuit, it is stated that 
apparently unchanged and viable para.sitt»s may be found in the spleen 
even aft(*r a gramme or mort? of antimony preparations has been injected, 
but by the time the spleen has retracted within the costal margin, the 
Leishinan-Donovan bodies have disappeared altogether. 

1. Treatment with pentavalent compounds of antimony. — 

(a) Neastibosan (formerly known as von Heyden (>93) is the amino salt of 
para-aminophenylstibinic acid, contains 40 per cent, of metallic antimony, 
and is comparatively non*toxic. It may be given in a strength of 25 per cent., 
either intravenously or intramuscularly. The doses may be given daily but, 
generally speaking, altt^niat© days are preferable. The initial dose for an adult 
is 0- 1 grm., the second 0*2 grin., the third 0*3 grm. This compound appears to be 
t*8|K?ciallv well tolerated. About ten injections are required for an average case, 
and a total of 2*7-4 0 grm. is usually necessary to effect a cure. 

It has been pointed out by Neumann that in Malta, quite apart from the 
difficulties in administration, intravenous injections of antimony in children 
are apt be followed by broncho-pneumonia, but neostibosan, when given 
intramuscularly, is almost equal in effect to the intravenous method. A dose of 
2-5 grm. suffices within a period of six weeks. Since this method has been 
employed, noma has not b^n seen and broncho-pneumonia is less frequent. 

(6) Urea siUkimine (stiburea — C^HitOgNjSb). is a compound of urea with 
stibamine (p-aminophenylstibinic acid), and was introduced by Brahmachari. 
This compound is apt to undergo chemical changes if exposed to the air. Urea 
stibamine is undoubtedly an efficient preparation and often succeeds where 
other pentavalent salts fail ; in resistant cases it may be given in combination 
with neostibosan ; the Editor has seen successful results from this method. The 
total amount to effect a cure is about 3 grm. The usual length of treatment 
is one month ; if, for some reason or other, an intermission in treatment takes 
place, the parasites tend to become antimony-fast. Urea stibamine may be 
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given intramuscolarly to infants in doses from 0*01'>0*08 grm. in 1~2 o.c. distilled 
water, a total of 0*66 grm. being neoessaiy. 

(e) Solvstibomn 561 (pentavalent antimony gluconate) was introduced by 
Kikuth and H. Schmidt, who considered it in many ways superior to neostibosan 
in the treatment of kala-azar. It is issued in ampoules of sterile soluble isotoqio 
neutral solution in water so that 1 o.c. contains 20 mg. of antimony ; thus 6 o.o. 
oorresponds to 0*39 grm. of neostibosan and contains 0*126 grm. of antimony. 

Struthm*s and Yates reported upon its application in China (Tsinan). They 
employed it on the basis that 2 c.c. of solustibosan is approximately equal to 0* 1 
grm. of neostibosan. The former treated 29 and the latter 9 cases. In some, it is 
smd, the course was completed and a cure effected in nine days. This drug is 
usually given intravenously, though, being isotonic, it may slso be injected by the 
intramuscular route. In infantile kala-azar solustibosan is best given in oily 
suspension (1 c.c. representing 0 054 grm. pentavalent antimony), intramuscu- 
larly : 2 c.c. for each kilo of bodv-weight. (For other conipounds see pp. 
823, 824.) 

Toxic effects of antimony treatment. — Christopherson states 
that “ metallic taste in the mouth and throat need scarcely be considered 
as poisoning, but vomiting, giddiness, delirium, a considerable rise or 
fall in temperature, diarrhcea, and cramp in calves should be taken 
seriously. They are danger signals and, when they occur, the injections 
should he temporarily suspended. Bapid pulse, cold, clammy skin, signs 
of collapse, in fact, are serious symptoms of poisoning.’' Discomfort or 
pain in the chest, colic, headache, .severe arthritic pains in shoulder and 
other joints, and even jaundice may he noted. 

Disagreeable symptoms are less likely to ensue since the introduction 
of the pentavalent salts of antimony. The death-rate among kala-azar 
patients has undoubtedly been much reduced by their use (42 per cent, in 
1925, according to Napier). Jaundice is, perhaps, more common. It is 
by no means certain how antimony destroys the leishmania parasites ; 
in vitro, and also in viw, the action is certainly not a direct one. 

2. Diamidino stilbene (stilbamidine). — The Mediterranean and 
Sudanese forms of kala-azar having proved more refractory to antimony 
treatment, and requiring on an average double the amount necessary to 
cure the Indian strain, Yorke searched for a more efficient drug, and 
found diamidino stilbene (M. & B. 744). During the last three years there 
have been numerous communications on this drug by Adams and Yorke, 
Adler, Temomor^z, Bachmilewitz, Kirk, Sati, Napier, Sen and Wingfield. 

The therapeutic dose is assessed at 1 mgm. per kilo, by the intravenous 
or intramuscular routes. (The range is from 0 *1-2 mgm. per kilo)l Yorke 
administered 860 mgm. within eig^t days, whilst Napier and Sen increased 
the dose on occasions to 2 mgm. per kilo., and in one case of post kah^aaar 
leishmaniasis gave a total of twenty injections— 0*95 grm. Ei^t U> ten 
injections on successive days are advised. 

Napier ^d his colleagues (1942) published results in a series of 100 
Indi^ patients to whom the drug was given intravenously in 1 cent, 
solution. They concluded that the introduction of stilbamidine constitutes 
a great advance in the treatment of kala-azar. Antimony-resistant cases 
reload particularlv favourably. Weight for wrigbt, <mly about one- 
quarter as nmcb stilbamidine is required per case as neostibosan : 00 gnn« 
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suffices to cure 100 patients. The drug is apparently of no value in the 
treatment of dermal leishmanoid or cutaneous leishmaniasis. 

On the whole, it is well tolerated in graduated daily doses of 60-200 mgm. 
each up to 2*6 grm. Somers (1944) gave Sudanese natives 1-4 mgm. per kg. 
body weight, the total dose being 8 01-4’88 grm. at intervals of 1-B days 
{see p. 821). It should be dissolved in 10 c.ts. of water and injected very 
slowly, otherwise it may cause vomiting. Administration is followed by 
a very considerable fall in blood pressure and also by a temporary decrease 
in blood sugar. The patient becomes flushed, with a burning sensation in 
chest and abdomen and slight dyspnoea, probably the result of stimulation 
of the parasympathetic system ; these effects can be mitigated by 
adrenalin. Trigeminal neuralgia has been recorded as an after-effect. 
A second course can be given three weeks after the termination of the first, 
with apparent benefit. In contradistinction to antimony compounds, no 
improvement takes place in the patient during the actual course of treat- 
ment. There is no drop in pjrrexia or diminution in size of liver or spleen, 
but afterwards gradual amelioration is noted, and in a further four weeks, 
signs and symptoms disappear. Toxic manifestations, in some cases 
fatal, have been reported, due to liver necrosis, which may be delayed 
for a month or longer after cessation of treatment. Solutions of stilbamide 
exjjosed to light develop a toxic product, 4 : 4' -diamidino-phenyl-benzyl- 
carbinol. The injections must, therefore, always be freshly prepared. 

The discovery of diamidino stilbene is the product of research by Ewins 
who synthesized a series of aromatic compounds containing the amidine group. 

The most active aromatic diamidines are 4:4' diamidiino stilbene ; 4:4' 
diamidino diophenoxy propane ; and 4:4' diamidino diphenoxy pentane. The 
most satisfactory from the therapeutic viewpoint is the first. It was tried out on 
Babesia canis by Yorke, and subsequently on leishmaniasis in hamsters by Adler. 

Prognosis. — Kala-azar is, in the great majority of cases, a chronic 
disease ; but acute cases are noted in the early stages of an epidemic, 
^farked intestinal disturbance, ascites and liver cirrhosis indicate a bad 
prognosis, as does also extreme leucopenia. The prognosis is naturally 
affected by coincident infections such as malaria, the dysenteries and 
ancylostomiasis. Napier pointed out that with superadded pulmonary 
tuberculosis it is especially grave ; but there is a tendency to spontaneous 
cure in about 10 per cent, of cases. The oft-repeated statement that, 
owing to the introduction of the antimony treatment, a 96-per-cent, 
mortality-rate has been converted to an equally high recovery-rate, is, 
therefore, not strictly true. 

Prophylaxis. — Domestic and personal cleanliness is of great im- 
portance. Infected dogs should be destroyed, and in the endemic districts 
dogs should be kept away from association with man. Papantonakis 
proved that destruction of dogs in Canea in 1983 was followed by marked 
decrease of kala-azar in the following year. By segregating the sick, 
burning houses, clothing and furniture, and providing new huts, Price, 
PiOgers, and Young succeeded in banishing the disease in parts of Assam. 
Oo^ results in prophylaxis have already followed the actual treatment 
of oases on a large scale. Energetic measures against sandflies diiould 



168 


LEISHMANIASIS 


be instigated (see p. 179), This involves protection against sandfly bites 
and the control of sandfly breeding places. 

IL ORIENTAL SORE 

Synonyms. Tropical Sore ; Bouton d’Ojjent ; Delhi Boil*; Cutaneous 
Leishmaniasis ; Bouton de Biskra ; Bouton de Bagdad ; Aleppo Boil ; 
Salek (Persia) ; Pendeh Sore (Southern Russia). 

Definition. — A specific ulcerating granuloma of the skin, endemic 
within certain limit^ areas in many warm countries. It is caused by 
Leishmania tropica, and is characterized by an initial papule which, 
after scaling and crusting over, generally breaks down into a slowly 
extending and very indolent ulcer. Healing after many months, it leaves 
a depressed scar. The sore is inoculable and, usually, protective against 
recurrence. 

History. — ^In 1885 Conningham first described certain deeply-staining 
parasitic bodies in mononuclear cells derived from these sores. Hoare pointed 
out that it was Borovsky (1898), a military* surgeon stationed at Tashkent, who 
first accurately described Leishmania iropka^ and later (1902) Shulgin concluded 
that some night-biting insect was the intermediary host. J. H. Wright in 1903, 
ignorant of Borovsky’s work at that time, named the bodies Helcosoma tropicum. 
These observations have been abundantly confirmed, and the parasite is regarded 
as identical with the Leishman- Donovan body, and is known as Leishmania 
tropica. In 1907 Marzinowsky inoculated himself in Moscow with material 
obtained in the Caucasus, and reproduced a typical sore on his forearm. 

Geographical and seasonal distribution. — Oriental sore occurs 
in Italy, where Vanni (1938) has recorded 300 cases in Abruzzi ; Morocx^o ; 
the Sahara (Biskra, Gafsa) ; Egypt (Zagazig and Minia, in the Nile Delta) ; 
Crete ; Cyprus ; Sicily ; Asia Minor ; Syria (Aleppo) ; Palestine (Jericho) ; 
the Sudan ; Nigeria ; Iraq (Bagdad) ; Arabia ; Persia : the Caucasus ; 
India (Lahore, Multan, Delhi, Dera-Ismail-Khan, etc.) ; the Transcaspian 
Provinces ; Turkestan (Tashkent and Bokhara) ; China, especially in 
Hunan. In South and Central America it is often, but not invariably, 
found in association with naso-pharyngeal leishmaniasis, especially in 
Peru, Bolivia, Brazil, the Guianas, and Mexico (Map III). 

In the tropics it is especially prevalent about the begiiming of the cool 
season ; in more temperate climates, towards the end of summer or early 
autumn. Years of prevalence may be succeeded by years of comparative 
rarity — possibly in harmony with altered sanitary conditions. In Delhi, 
for example, in 1864, from 40 to 70 per cent, of the resident Europeans 
were affected Viith the local sore ; when certain sanitary improvements 
were made, the frequency of the disease was immediately materially 
reduced. 

Epidemiology and endemiology. — Although oriental sore may 
occur in countries where kala-azar is endemic, its distribution is as a rule 
quite distinct (see Map III). In India cutaneous leishmaniasis is confined 
to the west, whereas kala*azar is endemic on the east coast. In North 
Africa, oriental sore occurs north of latitude 85®, whereas kala-aaar is 
found south of this line. In Persia and Iraq, where oriental smre is very 
common, kala>azar is absent. Central Asia is an exception for, according 
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to Gerschenowitsch, they are found side by side, even in a single family, 
and both diseases have been seen in the same patient. Apparently also, 
recovery from cutaneous infection does not necessarily protect against 
subsequent infection by the kala-azar parasite. Oriental sore and kala- 
azar are found together in tjj^e Southern Sudan and also in Crete {see 
p. 153), where, according to Adler, their respective carriers, Phlehotomus 
sergenti and P. major, are both present. 

In the endemic areas, oriental sore appears to have a seasonal preference, 
making its appearance in the dry season between September and January, 
in cities like Aleppo and Bagdad, where the disease is very common. In 
Turkmenistan the maximal incidence is aBstivo-autumnal. Children 
usually acquire it between 2 and 8 years of age, and natives rarely attain 
maturity without having had one or more sores. In fact, it may be said 
that every woman in Bagdad bears on her face marks of the ravages of 
this disease and for centuries it has been the custom there to inoculate 
children to prevent infection in later life. 

In Turkmenistan Russian workers recognize two types : rural and 
urban. In the former the infection is said to be derived from animal 
reservoirs (gerbilles) ; in the latter from human sources. 

Oriental sore occurs aB a natural disease in dogs and cats. The organism 
lias been demonstrated in cutaneous sores on the ears, lips, nose and inner 
canthys of the eye of these animals in Teheran, Tashkent, Iraq (where it 
is only seen during the winter months) (Machattie, Mills and Chadwick), 
and rtHjently in South America and India ; while Sinton has shown that 
the leishmania sores occurring in the noses of dogs in India are transmissible 
to man. Macaca monkeys are easily inoculated. Oriental sore has been 
.found as a natural infection of the brown bear and bullock in Turkmeni- 
stiiu. and also on the nose of a horse by Bennett in Kordofan. Natural 
infections in a gerbille {Bhovibomys ojrimus) have been reported from 
Turkmenistan, and are said to be common. An allied form (L. viyoxi) 
occurs in. the dormouse. 

iEdology. — The causative parasite — Leishmania tropica — ^is found 
in numbers in the granulating tissue at the edge of the lesion and may be 
demonstrated in scrapings. They frequently occur in rosettes, often 
enclosed in macrophage cells or in leucocytes. L. tropica resembles 
L. donovani in its morphology and behaviour, and in culture on N.N.N. 
medium. To collect material for cultivation the surface of a non-ulcerating 
sore is painted with iodine, and the edge is then punctured with a fine 
glass pipette. Like L. donovani, the parasites grow best in tbe water of 
condensation. In heavy infe^^tions the flagellate — kptomonas — forms 
appear within forty-eight hours. Then the parasites undergo identically 
the same changes as do L. donovani, but they are able to flourish in con- 
junction Mrith contaminating micnicocci, which the leishmania of kala-azar 
cannot do. 

Noguchi once made the interesting observation that the addition of 
immune serum from an experimentally inoculated rabbit causes the 
organisms to develop in clumps. In Syrian hamsters, and occasionally in 
mice, L. tropica produces generalized visceral leishmaniasis. Monkey, 
<h>gs, mice and Syrian hamsters are experimentally inoculable, whilst 
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donkeys, goats and sheep are refractory. In man a certain degree of 
immunity is produced so that, as a rule, second attacks of oriental sore do 
not occur. 

Senekji and Beattie inoculated a large number of volunteers in Bagdad 
with cultural forms of L. tropica, and reproduced sores in the great majority. 
Subsequent attempts at reinoculation were unsuccessful. 

Transmission. — ^Wenyon (1911) first suggested the sandfly 
(PhUbotorrms) as the vector in Bagdad, and found that 6 per cent, of these 
insects in Aleppo harboured a flagellate of the Leptomonas type in their 
intestines. Later, further confirmatory evidence was brought forward by 
the Sergents, Parrot, Donatien, and B^guet (1921), who produced oriental 
sores in Algiers after scarifying the skin and appl 3 ring a saline suspension 
of crushed P. papatasii. The incubation period was two and a half months. 
These sandflies were caught in Biskra, where oriental sore is common, and 
transported 600 kilometres to Algiers, where the disease does not occur. 
Later still, Adler and Theodor repeated these experiments with a Herpeto- 
monos, which is a natural infection of P. papatasii. The development of 
L. tropica in the body of the sandfly follows that already described for 
L. donovani. Adler and Theodor have strikingly confirmed this, and 
have produced infection of P. papatasii by feeding these sandflies through 
a membrane on emulsions of leishmania. 

The vector in North Africa and the Eastern Mediterranean is 
P. papatasii ; in Crete, Iraq, India and Persia P. sergenii ; and in Central 
Asia P. caucasicus. In Italy, according to Vanni, P. perfiliem (mocc- 
donicus) is the chief carrier. 

Monkeys, dogs, mice, and Syrian hamsters have proved to be experi- 
mentally inoculable, while donkeys, goats, and sheep are refractory. 
In Syrian hamsters, and occasionally in mice, inoculation of L. tropica 
produces a generaKzed visceral leishmaniasis. 

Pathology.- -There is continaous progression of cellular changes, so much so 
that a section taken at any particular time cannot give a complete picture of the 
processes involved. In the early stages there is proliferation oonrisring almost 
entirely of reticular oeUs, which form a syndtium. This proliferation may be so 
dense as to interfere with nutrition of the epidermis, and the proliferating 
reticulum is packed with parasites. Later, there is an invasion of lymphocytes, 
plasma cells and large mononuclears, and occasionally giant oells, aooompantod 
by a consideraMe diminution of parasites. It may, th er efore, be regarded as 
put of a protective mechanism, albeit not a very succetsful one, because the 
lesion, though now containing relatively few parasites, may still pmist for 
months. Gradually, the lesion is replaced by soar tistne. InsomecMumspaiasites 
are very scanty in all stages of the lesion and, in thes^ there is local infi^tlon 
of lymphocytes, plasma and giant cells from the be ginning . The 
as wdl as the clinical picture may resemb^ lupus very doidy. 

Immunity.— A comdderahle degree of immunity is produced by repoutod 
mfectum with oriental sore, which eventually bc»oonies abs(dutCH-<a foot iridoh 
has bemi well recognized in Bagdad. On experimmital grounds this was proved 
by I^vemn, who found that repeated inoculation produced immunity in mqami* 
mentally-infected dogs. 

Incubation fterlod. — Kie ioeubation period of oriental aim M 
variooely stated in days, weeks, or monttis. That it may be a iaief 
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one, a few days or weeks, seems to be established by the appearance of 
the sore within a short time of arrival in endemic districts, or after 
inoculation. That it can be of much longer duration is equally certain. 
Manson saw an unquestionable oriental sore which did not appear until 
five months after the patient had been exposed to any possibility of 
infection. Wenyon inoculated himself with * oriental sore in Aleppo; 
it was not until six and a half months later that a leishmania-containing 
papule, subsequently developing into a sore, appeared at the site of 
inoculation. In some cases the incubation period appears to be as much 
as fifteen months, or even longer. Sometimes eruption of the sores is 
accompanied by fever and other constitutional symptoms, and tem- 
peratures up to 108® P. have occasionally been noted. 



Fig. 26.— Papttlif dennal Idthmuissb with deplgmentatloii in a Singapore Indian. 

{Dr, B. Hawt $ ) 

Symptoms. — The local lesion in oriental sore commences as a minute 
itching papule which tends to expand somewhat as a shotty, congested 
infiltration of the derma (Fig. 26). After a few days or weeks the surface of 
the papule becomes covered with fine, papery scales. At first these scales 
are dry and white ; later they are moister, thicker, browner, and adherent. 
In this way, a crust is form^ which, on falling off, or on being scratched 
off, uncovers a shallow ulcer (Pig, 27). The sore now slowly extends, 
discharging a scanty iohprous material ; this from time to time may 
become inspissated, and a crust forms, while the sore continues to spread 
underneath. The ulcer extends by the erosion of its perpendicular, 
Hharp-cut and jagged edge, which is surrounded by an areola of con- 
gestion. Subsidiary sores may arise around the parent ulcer, into which 
they ultimately merge. These sores, usually, about an inch in diameter, 
may come, in some instances, to occupy an area several ir^es across. 

After a variable pmod, ranging bom two or tburee to twelve or even 
more rnontlm, healing sets in. Granulation is slow and frequently in- 
terrupted. Often it commences at the centre while the ulcer may be still 
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extending at the edge ; often it is effected under a crnst. Ultimately, a 
depressed white or pinkish cicatrix is formed. Contraction of the scar 
may cause considerable and unsightly deformity. Thus, on the face, 
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Fig. 27. — Oriental sore. {After Wenyon, Photo: R, McKay, 
reproduced in **Joum, Land. School Trap, Med,**) 

scar tissue may produce retraction of the external can thus (epiphora), 
deformity of the naso^labial folds or eversion of the angle of the mouth. 

Oriental sore may be single or multiple (Fig. 28). Two or three sores 
are not uncommon ; in rare instances as many^ as one hundred and fifty 
have been counted on the same patient. They are mostly situated on 
uncovered parts — ^hands, feet, anx^, legs and, especially in young children, 
on the face ; rarely on the trunk ; never on the palms, soles, or hairy 
scalp. Occasionally these ulcers may occur on the ears, tip of the nose, 
lower lip, and even on the tongue (Hawes, Panja, Dastidar, Trifilo). 
This seems to bp more frequent than ^d been suppcwed, and provides a 
link between the Old and New World leishmaniasis. A small multiple 
diffuse form may resemble diffuse papillomata : very rarely they occur on 
tiie buttocks or on the perineum. The Editor investigated a case with 
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Pig. 28. — DtftuM cutaneous leishmanial lesions on arm. (After Byron 



Fig. 29.— Netfiila* on noM and lip In Indian Tamil with cutaneow Iclahmaniasit. 

(Dr. B. Hatott.) 
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Mr. P. Lookhart-Mummery in which a diffuse indurat^ swelling close to 
the anus was found to contain large numbers of L. tropica.^ 

In a very few instances the initial papule does not proceed to ulceration, 
but persists as a scaling or scabbing, non-ulcerating, flattened plaque — 
just as sometimes happens in the primary sore of syphilis. Sometimes 
the ulcer is quite superficial, an erosion rather than an ulcer. Occasionally, 
from contamination with the organism of some other infectious acute 
inflammatory skin disease, the primary lesion may become complicated, 
and perhaps a source of serious danger. Otherwise, oriental sore is 
troublesome and unsightly, rather than painful or dangerous. When 
ulcerated, or secondarily infected, the neighbouring lymphatic glands in 
the area of the sore may be enlarged. 

Associated subcutaneous nodules have frequently been described (Fig. 29). 
Thus, Byron Evans ( 1938 ), in a case of extensive xjutaneous leishmaniasis, 
found, around the arm lesions, five separate apple-jelly-like papules. 
Others were seen around similar lesions on the opposite arm or leg. In 
size they varied from 0-26 to 1 cm. in diameter ; they were firm, discrete 
and freely movable and were not tender. On removal, they show(‘d 
chronic inflammation with fibrosis, and Leishman-Donovan bodies, 
suggesting a chronic lymphatic infection with leishmania and denoting 
the spread of the infection via the l 3 rmphatic route. Lymphatic nodules 
were described as early as 1847 by Poggioli and by Bonne ( 1901 ), also, in 
association with South American leishmaniasis, by Darier, de Christmas, 
Escomel and Werner. , . 



Flf. JO.— Lympliatic spread of orienial aore* 

1, Prinmiy acre on anger ; 2, secondary craterlform «ore on wiiat ; %, oodolea In caarm of tymphaticn. 


In Christopherson’s case (1928) there were twenty-five vesicular lumps 
of varying sizes which contained leishmania, while the Editor found 
simito swellings on the dorsum of the hand and over the submental gland 
in his patient (Fig. 30). Gonzalez, Boggino and Kivarola described a similar 
case in 1937. A sharp bout of pyrexia (T. 108-104^ P.) frequently precsedes 
the appearance of the nodules. 


^ two tjpm drw 

libation of tb« wmrvotr te man, and ib« moist, or imL 

period and lymphang^, in wtikd) wild rodent* (gerbiUea) oonatitata tlm rnmn^ 
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Nodtdar or verrucose form.^X peculiar kind of dermal leishmaniasis, 
or parasitic granuloma, has been described by Ferguson and Richards 
in Egypt (Fig. 81). These lesions, which usually affect the lower 
extremities, resemble warty out-growths or papules ; they may be solitary 
or multiple, and may be the result of auto-inoculation. They are best 
treated by excision. 



{Ferguson and Richards. By permission of Lit^rpoed School of Trap. Med.) 


t recidiva . — The relapsing tuberculoid fonn, involving large 
areas of skin, especially of the face, is an allergic manifestation and there- 
fore analogous to cutaneous tuberculides, closely resembling lupus vulgaris. 
It is known as leishmaniasis recidiva. Only with great difficulty can 
heishman-Donovan lx)die8 be recognized in preparations, but they can. 
usually be isolated by culture. Relapses occur after the original lesion 
heals and often take the form of nodules and papules, situated at the 
peripheiy of the scar. Christopherson originally described lupus-like 
iu)dule8 on the cheek, and also recognized a keloid form. LeiAmaniasis 
recidiva is resistant to all forms of treatment except the Grenz rays. 

Generalized non^ulceratingform (dermal leishmanoid). — Brahmachari described 
papillomatous nodules over the whole of the body, due to Leishman- Donovan 
Ixxiies, whioh at first were thought to be tubercular leprosy (see p. 159), but all 
(;aso8 had previously been treated for kala-azar, and had apparently recovered 
after antimony injeoti(ms. 

infectioni . — Superadded staphylococcal or streptococcal in* 
factions are common. Secondary diphtheritic and streptothrical infections 
have been described. 
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Diagnosis. — On clinical grounds these sores have to be distinguished 
from the desert or veld sore (p. 642), tertia^ syphilis, ulcus tropicum, 
lupus vulgaris, and blastomycosis. The distribution of the sores and the 
presence of the Leishman-Donovan body render the diagnosis a matter of 
no very great diflBculty. The parasites are best demonstrated by sterilizing 
the skin at the edge of the ulcer, and running in a fine glass pipette through 
a puncture made in the skin, to get beneath the ulcer, and obtain serum 
and tissue cells — but not blood — if possible free from bacterial contamina- 
tion. This is a better method than scraping the surface of the ulcer with 
a blunt needle or with a fine knife. If parasites caimot be found, cultures 



Fis. 32.— Cutaneous Idshntaniasis in Egyptian 
flrL Lupns-Hkc ^ apple- jelly " nodules. 

(2)r. H. K. Oifftfif As«i%U.) 


should always be made. Ad- 
ditional help may be obtained by 
the leishinanin test : the intra- 
dermal injection of 0*1 c.c. of a 
suspension of dagellates in culture 
(1,000,000 per c.c.). A specific 
reaction is produced in active, as 
well as in healed oriental sore 
lesions. Care must be taken to 
distinguish the Leishman- Dono- 
van bodies from yeast cells, which 
are sometimes present in cutan- 
eous ulcers and may simulate 
them. 

The aldehyde test ismegative. 

In leishmaniasis recidiva differ- 
ential diagnosis has to be made 
from tuberculides of the hypo- 
derm, including Bazin’s dist^ase. 
Adler insists that the apple-jelly 
nodulc*s so closely resemble lupus 
that cultures on NNN medium 
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Treatment 

. The tr^tment of oriental son^ in general, especially in a temperate 
G^ate, does not, as a nile, entail any particular difficulties, for the reaction 
of the tissues to the particularly indolent ulceration depends to some 
extent upon the general nutrition and environmental conditions. When 
the patient is removed from the endemic area, the disease tends to dis- 
appear spontaneously in about one year. 

(a) Gener^ measures.— When the sores are multiple, as they so 

situated on the extremities, undoubtedly 
tUe best treatment is intravenous injections of antimony, especially the 
pentayalent expounds (p. 166). Antimony tartrate (sodium antimony 
tartrate) is efficacious in 2 per cent, solution, and the total amount 
IS, as a rule, 16 gr. (1 grm.). Of the pentavalent preparations, 
or Neostam are equally suitable and, when feasible, should be 
given mtravenously in doses commencing with 0*1 grm. and inereaiiDg on 


ORIENTAL SORE : TREATMENT 


177 


alternate days to 0 -3 and 0 -4 grm. Much smaller total quantities (1-2 grra. ) 
effect a cure than in kala-azar. For women and children, to whom injec- 
tions cannot l>e given intravenously, the intramuscular route should be 
chosen {see p. 1^). Raymond and Cruickshank, in an account of an 
epidemic of these sores following the Quetta earthquake, found injection 
of trivalent antimony compounds (tartar emetic and fouadin) combined 
with local scraping the most effective method. Pentavalent antimony 
preparations were loss satisfactory under thesa conditions. 

(h) Local measures. — Intravenous injections of antimony do not 
act so w’ell for sores situated on the face — eyebrows, nose, cheeks, lips — 
and hands, which tend to be chronic, indurated, and subject to secondary 
infection. 

Secondary infection is a most important ek*ment and in these cases no 
treatment is of any avail until the scabs have been removed and the sepsis 
cured by hot fomentations, eusol dressings, and nitrate of mercury oint- 
ment. Recently, however, powdered sulphapyridine has proved beneficial 
(Akrawi). 

Ointments. — Various applications have been found useful on different 
occasions, e.g. Cupiolin (a refined product of chrysophanic acid), in the 
following formula : 

E Cignolin . . . . . . gr. iv (0*259 gnn.) 

Ichthyol ...... gr. viii (0*518 grm.) 

Ol. cadini xl (2*308 c.c.) 

Benzoli rect. ad . . . , Ji (28*42 c.c.) 

Ft. pigmontum : To be applied to sore every day. 

This paint should be applied to thc^ s<»re with a camel-hair brush, care 
*l)eing taken not to overlap on to the surrounding skin, daily for 2-4 weeks, 
after the sores liave becm cleaned up w'ith eusi>l dressings or boric fomenta- 
tions. This treatment is especially apphcable to sores on the face in 
children, and the Editor has had striking and favourable results. 

Other ointments which have been recommended are : Pellidol (Bayer), 
containing 2 j>er cent, diacetylamine-azol-toluol, Desiiin (Klinke) (chlorine 
and cod-liver-oil salve), and Orisol ointiiumt, which contains berberine 
sulphaU^ Good results have been n^ported from the local application of 
phosphorated oil, and alst) from finely-powdered permanganate of [lotash. 
The local application of vanadium in a preparation “ Tarvan ” is said to 
l>e a very active remedy (Vereira). Kassirsky, in Tashkent, has found 
effective an ointnumt prepared from the whole seeds of Hicimis (of which 
the active principle is ricin), ground up and mixed with 10 per cent. 
vasc^Iine ointment. It is applied every few days to the ulcer ; the first 
applications cause considerable irritation. 

Injections into the base of the sores. — These methods of treatment 
probably act by causing a tissue reaction but, as a rule, injections are painful 
and, on account of the surrounding inflammation, cannot be used for sores 
on the face, especially near the eyes. 

Treatment by injection of emetine , — Photinos reported good results from 
local injections of emetine hydrochloride, and Sinderson in Iraq used a 2 per 
‘•ent. solution injected so as to reach every part of the sore, so that in laige 
ulcerations it may be necessary to puncture in three or four places. The needle 
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of the 83 nringe is inseirted into the healthy skin and passed through the tissues. 
The solution is injected, the needle being gradually withdrawn at the same 
time. After the injection the puncture site is sealed with cotton*wool and 
collodion flexile. When ulceration is deep, healing may not be complete for 
a month. A local inflammation is set up, and the parasites disappear from 
the lesion. The lesions usually clear up in fifteen to thirty days. 

Injections of berberine stdphate . — Subcutaneous injections of berberine sulphate 
(Karamchandani) have been used extensively in India. A quarter of a g^n 
is dissolved in 1*5 c.c. of distilled water and injected at four or more points 
round the sore. Two to four injections, when combined with dressings of 
hypertonic saline, usually suffice. The solutions are very stable and can be 
preserved in sterile tubes with rubber caps. Hamilton Browne and Deri state 
that, if the sore is not healed within a week, treatment must be repeated, but 
a third course is rarely necessary. 

Treatment of indolent sores on the nose. — These require special 
mention as, on account of the induration of the surrounding tissues, they 
are especially refractory and they do not appear to respond to the applica- 
tions which are efficacious in other situations. After being cleansed, the 
bases should be scraped by a Volkmann’s spoon and dilute nitrate of 
mercury ointment thoroughly rubbed it. Dry dressings and sulphonamide 
paste should subsequently be applied. 

Treatment by vaccines made from dead cultures of Leishmania has been 
successfully practised by Schwartzmann, Chodukin, and others. The vaccine 
consists of a saline suspension of washed flagellates killed by heat. 

X-ray therapy. — In Iraq it is stated that a single full-pastiUe dose of X-rays 
produces a cure within ten days in the majority of cases. The rays probably 
cause acceleration of the protective processes and infiltration of leucocytes into 
the base of the sores. An X -ray set capable of operating continuously at a voltage 
of 100-120 K.V. and 2-4 m.A. is suitable for the purpose. A filter of 0*6 mm. of 
aluminium is used at a focal skin distance (F.8.D.) of 23-25 cm. A total dosage 
of 450-1,000 “ r ” units is given, either in one dose or in two smaller doses at 
intervate of 10 days. (One erythema skin dose (E.S.D. == 450 “ r **=sone pastille 
dose). 

Soft Grenz, or Bucky rays — ^These are half-way between ultra-violet 
and X-rays. This form of treatment has been described by Dostrovsky and Bagher 
(1942). It has the special advantage that lesions overlying sensitive organs 
(eyelids, thyroid gland and genital organs) and the growing organs of children 
can be treated. Leishmaniasis recidiva h^ proved refractory to every form of 
therapy but this. The nodular and vemioose forms are especially amenable. 
The total dose employed for the latter is two exposures of 890 r with half value 
layer of 0*027 mm. aluminium, whilst for leishmaniasis recidiva the total is 
from 3,000-11,000 r with half value lay^ 90*02 mm. aluminium. The nodular 
type of lesion disappears in eight weeks, but with the relapsing form treatment 
may be spread over six to eight months. 

Treatment by ionization. — This has given saUsfactory results. The ulcer 
is cleaned arid covered with a pad comnsting of luxteen laym of lint soaked in 
2 per cent, xinc-sulphate solution ; this is firmly applied under a zinc eleotrode 
by a buidage, and then connected with the positive pole of an electric, current 
which is suf^lied by eighteen accumulators giving an average of 36^ volts* 
A patient with a sore of an area of 1 in. in diameter can easily stand 10 nuk* 
as ganged by a resistance coil. The application is ooutinoed for twenty minntes* 
the pad being constantly moistened with zinc-siilphate sohition. 
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Treatment by carbon -dioxide snow — The application of carbon- 
dioxide snow has been recommended for 5-30 secs., depending upon the size of the 
lesions ; it should be repeated every ten days. 

Prophylaxis. — In the endemic areas insect repellents {see p. 115) 
should be used to protect the exposed parts against bites of PhlehoiomtLS. 
At night-time a fine-mesh netting, forty-five holes to the square inch, is 
necessary to exclude these insects {see Fig. 12). Dogs with suspicious- 
looking sores should not be permitted near dwellings. Prophylactic 
inoculation with cultures of Ijeishmania tropica has been practised in 
south-east Russia (Lawrow and Dubowskoj). Sores develop at the site 
of inoculation after an incubation period of two to six months. The 
immunity thus produced protects against further infection. 

III. LEISHMANIASIS AMERICANA 

Synonyms. Espundia ; Bubas Braziliana ; Uta : Pian Bois ; Forest 
Yaws (British Guiana) ; Bosch Yaws ; Naso- pharyngeal Leishmaniasis. 

History. — Under these names several writers describe a very grave form 
of leishmaniasis in certain South American countries ; isolated cases resembling 
the American disease have been reported from the Sudan (Christopherson, 
Humphreys, Mayne and Kirk), Somaliland and Italy, but possibly in these 
it mert'ly represents a secondary invasion of the mucous membranes from the 
surrounding skin. Mutilations of the face reminiscent of this disease have 
been found in figures engraved on old Inca pottery. 

Geographical distribution and epidemiology .—The most northerly 
point from which this form of leishmaniasis has been report-ed is the 
lYninsula of Yucatan, about 21® 
north latitude, and the most 
southerly 80® south in the Argen- 
tine. It is prevah‘nt in the northern 
part of Argentina and in Paraguay 
at 25® south. Ifrobably the centres 
of its greatest prevalence are in the 
states of Sao l^aulo, Bahia in Brazil, 
and in parts of Peru between 5® 
and 25® south. Altitude is a limit- 
ing factor. Most of the territory 
has an elevation of less than 2,000 
fH»t. Heat and moisture are neces- 
sary for its existence. In the chicle 
(gum) forests of Yucatan the in- 
fKrtion is contracted in the rainy 
season. 

In highly endemic areas the 
majority of cases occur after six 
months residence, especially in the 
autumn. The prevalence of disease 
is definitely related to the density 
of the sandflies which transmit it. 



Fig. 33. — Ldshmaitlasis Americana 
affecting the nose and upper lip. 

(Bemasconi and ' 
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In Kio de Janeiro, however, the disease is common in the residential 
section. It has also been reported from the West Indies (Martinique), 
Mexico (State of Campeche), and Yucatan, British Honduras, Honduras, 
Guatemala, Colombia, British, Dutch and French Guiana, Uruguay, Bolivia 
and Ecuador (Map III). Occasional somewhat similar cases have been 
recorded in the Sudan, Italy, India and China. 

In Paraguay the disease has assumed epidemic characters, cmd a large 
proportion of the population in certain districts, and 70-80 per cent, of 
prospecting parties, have become affected, so that most drastic public 
measures have had to be taken to prevent its spread. It is usually seen 
in men working in the forests, especially gum-pickers. A similar disease 
has been observ^ed in the dog in the endemic centres, and it is possible 
that it occurs in the agouti (Dasyproda). Pestana, Villela and co-workers 
working on the epidemiology of this disease in Sao Paulo, Brazil, concluded 
that intimate contact with wooded country is not always necessary. It is 
usually rural in distribution, but has been seen in some towns. In Minaes 
Geraes, Brazil, this form of leishmaniasis is becoming increasingly im- 
portant, and its incidence is very high. The duration of the disease is 
from four months to four years. In the majority there are mixed mucosal 
and cutaneous lesions. 

^Etiology and 83^ptoin8. — The disease occurs at any age in either 
sex, in strangers as well as in the indigenous population. Sao Paulo 
^ms to be an exception, as Villela says it is there nine times more common 
in men than in women. It begins as a sore on some mucous surface. 
The sore is of the chancrous form of the ordinary oriental-sore type. It 
heals in time, leaving a characteristic scar. After an interval of months 
or years, most intractable fungating and eroding ulcers (Fig. 88) 
break out on the tongue, and in the buccal and nasal cavities, destroying 
and obstructing them, and ultimately, if untreated, leading to death by 
exhaustion after years of suffering. The lymphatic glands are often 
involved, but the abdominal and thoracic organs are sparer!. Though 
affecting the mucous membranes in this characteristic manner in the 
endemic zones, the ulcers, as in oriental sore, occur in other uncovennl 
parts of the body. They have Ix^en commonly noted as lupus- like lesions 
on the pinna of tlie ear in gum-pickers (oreja de chicleros). For the state of 
Sao Paulo, Brumpt and Pedroso record localization of sores as follows (in 
percentages) : Leg 80, foot 12, forearm 12. head 1 1 . hand 10, hip 4, elbow 4, 
trunk 3, nasal mucosa 8, knee 2, buccal mucosa 2, neck 2, arm 1, pubes 1. 

I^hman bodies are found, though not in great profusion, in scrapings 
^d sections of the fungating ulcers, and present no morphological 
mfferences from L. tropica or L. donamnif but have been separated by 
Vianna as Leishmania brazUimsu. The parasites can be cultivated in 
tte same maMer as L. tropica and on the same media, but Geiman showed 
grown on the chorio-allantoic membrane of the chick 
Aows much poorer infcjctivity than L. tropica. Giant cells and 
f^teted forms of the parasite have been found in sections. It is believed 
that me ori^al sore in this grave fonn of letshmaniasis develops at the 
!}r a jungle insect, probably a 9iAnday~Phkbotamu$—^ 

the foUowmg species are suspected (Shattuck, 1986) ; P, 
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(Dutch Guiana and Brazil) ; P. intermedvus (Brazil and Argentina) ; 
P. migonei (Venezuela, Brazil, Paraguay and Argentina). 

These sores infiltrate deeply into the tissues, and, besides grave destruc- 
tion of the nose, lips, and tongue, they may be followed by secondary 
infections, such as erysipelas and even gangrene. 

Diagnosis is made upon the typical clinical appearances and the 
discovery of the parasite. Espundia has to be distinguished from the 
ulceration of yaws (gahgosa), lupus and syphilis. In ulcerated lesions the 
crust should be removed and smears made from the underlying sero- 
purulent discharge. 

The excision of a piece of granulation tissue and the expression of the 
contained sennn on a slide often afford a more n^ady diagnosis. In five 
cases discovered in the Sudan, Humphreys and Mayne found the leishmania 
in material obtained by pinching the lobulated growths, hut not by splenic 
puncture. The intradennal (leishvianin) test of Montenegro consists of 
an extract of flagellates (on culture) w^ashed in physiological saline solution 
containing 0*4 per cent, phenol. This can be kept for long periods in the 
ice-ch(*st. Gomes found it was moderately positive in 97-5 per cent, of 
South American cutan(M)U8 leishmaniasis. 

The exact relationship of the mucosal leishmaniasis in the Sudan to 
(^pundia is not easy to determine. The South American dis(‘a8e has a 
specific course of (» volution and (xtcurs in epidemic form, which is not the 
case in the Sudan, where oro-nasal leishmaniasis is relatively uncommon. 
In the nose the nasal septum and &\m nasi may be involved, whilst 
l(K*alized swelling occurs on the lower lip. * In almost every instance 
there, evidence of a concomitant visceral infection has been noted. 

Treatment. ™ The g(»neral treatment is the sane* as for oriental sore, and 
was introduced by Vianna in 1912 : ten to tw(*nty intravenous injections of 
antimony tartrate (2(1 BO gr.) or of the pentavalent compound, neostibosan, 
suffice for cure. The loc^l ulcers on the lips and nose are cleaned up 
with fomentatiojis, the ck^ansed surfaces amesth(4ized wqth a mixture of 
cocaine, menthol, and carbolic acid, then sprinkled with finely powdered 
antimony tartrate and bound up with a bandage. Subsequently the 
wounds are dressed with an ointment composed of zinc oxide, bismuth, 
and lanolin. From the buccal mucosa scabs must be removed with a 
solution of bicarlxmate of soda, the surface anaesthetized with cocaine 
(1 per cent.) and sprayed with 1-2 per cent, antimony tartrate solution. 
Every four to eight days the tartrate is used in a saturated solution, the 
application being made on a pledget of cotton-wool. 

Mazza and others in northern Argentina had good results with intra- 
muscular iiyections of FoimUn (or stibophen), a tri valent antimony com- 
pound, in doses varying from 0*5 to 5 c.c. The treatment was continued 
for varying periods. Twenty to thirty injections are usually necessary and, 
according to Schulemann, the results continue to be satisfactory. 

Good results more rtwntly were obtained by intramuscular inject- 
tions of Eparseno (dioxy-diamido-arsenobenzol), prepared by Poulenc 
Er6reg, Paris. Injections of 0-12 to 0-26 grra. (1-2 c.c.) are given and as 
uiany as 10-20 injections at intervals of two to three days are nece^ary. 
Others obtained success with similar injections of the double iodide 
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of quinine and bismuth (0*15 grm. daily for one month). Atebrin 
(mepacrine hydrochloride) injections are advocated by Mazza and Cornejo 
in isolated sores : 5 c.c. of a 10 per cent, solution is injected into the base 
of the sore and three tablets given by the mouth for seven days. 

In assessing the relative value of the various treatments, it must be 
remembered that spontaneous cure appears to take place in about 7 per 
cent, of cases (Pessoa). 



SubMcdon B.-FEVERS CAUSED BY BLOOD 
SPIROCHETES AND SPIRILLA 


CHAPTER VI 

RELAPSING FEVERS 

Synonyms. Febris Recurrens; Spirillum Fever; Famine Fever; Tick 
Fever ; Bilious Typhoid of Griesinger. 

Definition. — A group of diseases, characterized by fever of sudden 
onset and, after several days (one to seven), rapid subsidence, which may 
relapse at intervals of from one to seven or more days for an indefinite 
number of times. They are caused by spirochaptes, which are present in the 
blood during the fever and are transmitted by the body-louse (Pedicultis) 
or by certain ticks (Omithodoms). 

History. — Relapsing fever was known to Hippocrates. In 1873 Obermeier 
discovered the spirochfiete now known as recurrentis, vel obermeieri. In 1904 
Philip Ross and Milne in Uganda, and rather later, but independently, Dutton 
and Todd on the Congo, found that in Afnca the local spirochsete was com- 
municated by the bite of a tick, Omithodorus movbtda. They found also that 
the parasite could pass into the egg and larva, and so confer infective powers 
on the tick of the succeeding generation. In 1907 Mackie recorded an outbreak 
of relapsing fever in which lice, Pedieulus humanus var. corporis and capitis^ 
apparently served as the transmitting agents — a view favoured by the experi- 
ments of Ni(K>lle and others. In 1921 Bates, Dunn, and St. John proved that, 
under experimental conditions, the ticks Omithodorus talaje and O. veneztLelensis 
convey the disease in Panama and in Venezuela. A Spanish form described 
by de Buoli occurs in Southern Spain and Morocco and is transmitted by 0. 
marocanus, which lives mostly in the burrows of rats and porcupines and the 
earths of foxes, and also frequents pigsties. Since then Herms has described 
a distinctive tiok-bome form in CaUfomia, and Adler a similar omithodorus- 
conveyed disease in Palestine. 

Geographical distribution. — In Europe relapsing fever occurs 
from time to time in the British Isles, especially in Ireland, and in Norway, 
Denmark, Germany, Russia, and Turkey. In Africa the disease has long 
beerr known in Egypt, while Dutton and others found a specially virulent 
form widely spread in Central Africa (tick fever) in the Congo, East 
Africa, Uganda, Abyssinia, and Madagascar. Ordman recently reported 
an epidemic in Capo Province, South Africa. In Asia it is met in Persia, 
and in India, where in 1922 large epidemics occurred in the Central 
Provinces and North-Western Frontier. Epidemics have been recorded 
in the United States, especially in Texas. An extensive and virulent 
epidemic, associated with intense jaundice, commenced in 1921 in North 
Equatorial Africa and spread across the Continent south of the Sahara 
at about 16® N., and continued for over seven years. Eventually it 
reached the Atlantic in Senegal and the Gold Coast, and thence extended 
through Upper Guinea, French Niger, Nigeria, Lake Chad, Wadai, and 
Western Egyptian Sudan. The louse-borne form is common in China and 
Manchuria. A special tick-borne form of the disease is recognized in 
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California, as well as in the northern states of Central and South America, 
Spain, Morocco, Palestine, Turkmenistan, Syria, and Persia. 

iEtiolo^. — The various clinical forms of relapsing fever are caused by 
Sjnrochceta recurrentis, or organisms which are morphologically indis- 
tinguishable from it but which may be biologically separable, such as 
8. duttoni and 8, venezuehnsis. 

Topically, the spirochaete is a delicate spiral filament ; its length vanes from 
8 to 15 /i,"and its width from 0*2 ft to 0*3 ft. Each turn has an amplitude of 
2 to 3 ft. The body of the parasite may have three, four, or six bends or turns ; 
dividing forms appear to have more ; in fact, the body of the spirochaete undulates, 
it does not strictly form a spiral. Coles describes the minute structure as 
consisting of smaU granules in a containing tube. By the Roraanowsky method 
the body of the parasite usually stains uniformly, with the exception of the . 
extremities, which are pointed and take only a veiy faint tint. In fresh blood 
the spirochaBtes exhibit very active screw-like movement ; some are longer 
than others, the long forms resulting from end-to-end attachment of two or 
more parasites. That this is the explanation of the long forms, which may 
measure from 16 to 100 fi, is shoam by staining. In those measuring from 16 
to 18 fi we find a pointed extrc^raity at each end of the filament and a pale zone 
in the middle, the pale zone corresponding to the approximated lightly staining 
extremities. The still longer forms admit a similar explanation. Although 
the normal habitat of the spirochestcs is the liquor sanguinis, occasionally in 
fresh liquid blood preparations they are seen within the n*d blood -corpuscles, 
though this probably does not occur within the body. 

Great variation is shown in morphology, but there is a consensus of opinion 
now' that no constant distinctions exist betw'een the organisms in the difierent 
clinical forms of the disease. For an explanation of the nomenclature the 
reader is referred to p. 185. 

Demonstration of the spirochaste, — The parasite occurs in the bl(K>d 
during the febrile stage of the disease only, often disappearing some forty- 
eight hours before the crisis and being very scarce or entirely absent 
during the non-febrile intervals. In some forms and cas<^ it is present in 
large numbers in every field of the microscope ; in others it is so scanty 
that many fields have to be examined before a single specimen can be 
discovered. In thin films of fresh blood it can usually be recognmnl by 
the agitation its movements communicate to the adjacent corpuscles 
(Fig. ^). In dried and fixed films the stains in general use for malaria 
work suffice. 

In children, especially, the spirochaBtes may often be found sparsely in the 
blood-stream during the apyretic periods. 

Dark-ground iUumination is admirably adapted for demonstrating the 
living parasites ; a very strong illuminant, preferably a high-power 
electric-light — ^not always procurable in the tropics — is required. 
Occasionally, when very scarce in the blood-streara, as during a relapse, 
or in the clinical form met in North Africa, the organism may best be 
demonstrated by the “ thick-film ** method. Chung in China has demon- 
strated these spirochietes in the urine, but this appears to be quite 
^ceptional. 

CnUivation, — The successful cultivation of 5. recurrentis and its sub-varieties 
was first obtained by Noguchi and others in sterile asditie fluid oontainiiig eitrated 
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blood and a small amount of fresh kidney, incubated at 37° C. The greatest 
multiplication of the organisms takes place at the junction of the ascitic fluid 
and of the blood. Anadrobiosis is nec^sary and also the presence of coagulated 
albumin. The pH value is of great importance. The spirochsetes reach their 
maximum development on the seventh to the ninth day. after which they begin 
to disintegrate. Subcultures retain their virulence for mice. 

Chen in Peking obtained cultui^ on chick embryo. Blood containing 
S.' recurrentie was inoculated beneath the chorio-aUantoic membrane. A good 
growth of spirochietes was seen in the blood of the embryo reaching its maximum 
on the fifth day. 

Meleney found that the grey squirrel {Sciurolamias davidianus) and the 
striped chipmunk (Tamias asiaticus) can be experimentally infected with the 
(’hinese strain. After splenectomy the virulence of the attacks in these animals 
was increased. 


Different strains oj relapsine/’fever 
parasites {see. Table II, p. 187). — In 
one part of the world the human 
spirochiBte is transmitted by one 
species of blood -sue king arthropod, 
and in another part by another. The 
seruin reactions of these parasites 
differ, and the havers they cause are, 
in some n»spw‘t8, clinically different. 
Th(* pariisite, as originally described 
in Europe, is kiu>wn as S, reeurrentis, 
'Die Persian form of the diseaw* 
(inianeh fever) was thought to be 
"clinically distinct, and due to S, per- 
sica, the Central African disease, 
popularly known as tick fever (or 
carapata disease), being due to S. 
dutfoni. The South American form 



in known as S. venezuelerms. In 1926 de Buen described a new variety, 
inon^ resembling the Central African form, which is transmitted by ticks 
iOrniihodortiS tnarocantis and 0. erratieus) which live in the burrows of rats 
and f>orcu|)tnes, and the parasite has l)een named 5. his]}ani('a. In 
Turkmenistan a strain (*S. persica or *S. sogdiannm) has more reciuitly been 
found to be transmitted by (>. papiUipes, which has provc^i to be the carrier 
there and also in Palestine, Persia and X.W. India. 

Clark and Graham originally 8ugg(»sted that a tick-borne infec’tion might 
occur in the Colarado Valley, Texas, and in California. Now it has been 
d(wribed by Wheeler, Henns and M<\yer as due to S, turicati/\ It is 
transmitted by Omiihodorus hernm, O, turicaia, and possibly by 0. parkeri 
(see Appendix) p. 948). 

White mice and white rats are especially susceptible to these spirochsetes, 
the former particularly so, the organisms appearing in the blood Mrithin 
tw(‘nty-four hours of inoculation and persisting to the third day. About 
t his time they disappear for several days from the blood until the commence- 
‘tent of the first relapse, w'hich may bo followed by a second, third, or even 
I fourtli, the number varying in individual mice ; with each relapse the 
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parasites reappear in the blood. The interval between the relapses is 
generally about seven da 3 rs ; occasionally it is only two, though it may be 
as many as ten. The actual number of organisms in the blood in the 
first is greater than in subsequent relapses, indicating the development of 
a partial immunity. Recovery in mice is the rule. 

As a result of the consecutive passage of the spirochate through a long 
series of rats, its virulence is augmented, so that the incubation period 
becomes reduced to 15-18 hours, emd the persistence of the parasite in 
the blood is prolonged to 60 hours instead of, as originally, 48 hours ; at 
the same time the spirochestes become far more abundant. 

Emerson, Mossman, Beunders, Rothermundt and others showed that 
some spirochsetes have a definite neurotropic tendency, and that after 
subinoculation of S. dtdUmi in mice a residual brain infection persists. 

In rats an acquired immunity may be produced which lasts for many 
months. As a rule, S. duUoni produces a far more severe disease in these 
animals than does S. recurrentis. 

Rabbits and guinea-pigs are relatively refractory. 

Dogs, rats and guinea-pigs are refractory to S. venezttelensis. Man and 
certain squirrel monkeys seem to be the chief reservoir of the virus. Mice 
which have been made immune to S', duttoni can subsequently be infected 
by S. veneztielensis. 

Pathology. — The spleen is usually large and soft, often shows 
multiple infarcts and fibrinous exudates, and may rupture spontaneously. 
Perisplenitis is common. Sections of the splei^n and liver show spirochastes 
within the endothelial cells. They are very abundant in necrotic lesions 
in the Malpighian bodies. These constitute an important basis in the 
differential diagnosis from yellow fever, with which virulent cases may 
be confused. Liver, kidneys, and heart show cloudy swelling of their 
cellular elements. The skin in fatal cases is usually jaundiced, and there 
may be subcutaneous petechi®. The bone-marrow is hypenemic, and 
shows great activity of the leucoblastic elements. There is generally a 
marked polymorphonuclear leucocytosis. Spirochetes are often phago- 
cytosed by the leucocytes, but disappear rapidly after death. During the 
apyrexial periods an occasional spirochate may be found in the peripheral 
blood by injecting intraperitonealJy not less than 26 c.c. into a susceptible 
animal, which must be examined twice daily for the succeeding ten days 
before a negative result can be claimed. 

In Germany and Austria strains of relapsing fever spirochetes have been 
used for therapeutic inoculation in the same way as malaria. As the result 
of this study, it has been established that the sf^roobsstes may be demonstrated 
in the liver, brain and ombro-spinai fluid and that active infection may be 
produced by inoculation of susceptible animals with material obtained during 
the quiescent periods and even affer apparent recovery. 

Sa^ showed that infection produced by the bite of a tick is much more 
virulent than that brought about by direct inoculation. * Pampaim oonsidered 
that the re]apsing>fever spirochiBtes are remarkably neurotropic, and in guinea- 
pigs the brain and cerebellum are still infective fourteen months after primary 
inoculation. A great deal of attention has recently been paid to fixation In 
the brain of miooMid birds. Similarly, Mathis and Dctrieux showed that strains 



TABLE II 

SYNOPTICAL TABLE OF VARIOUS FORMS OF SPIEOCHMTA AND CLINICAL SYMPTOMS 
OF THE RELAPSING FEVERS THEY EVOKE IN MAN 



In nil tick-bome infections transmissloD is hereditary; this does not occur in the louse*bome disease. 
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of S» duUoni, originally isolated fix>m shrew mice in Dakar, may persist in 
the brains of subinooulated mice up to 235 days. 

Transmission. — There are two main forms of intermediary host which 
transmit relapsing fever, namely lice and ticks. A reservoir of infection 
of relapsing-fever spirochsetes may exist, especially in Africa, in the 
smaller rodents which appear to be naturally infected. Nicollo and 
Anderson in Tunis suggested that the spirochaete of these mammals, 
S, nonmndiy is probably identical with S, dutioni. This organism is 
virulent to rats and mice, but not pathogenic to guinea-pigs. The 
hispanica strain is equally virulent to mice, rats and guinea-pigs. 

Bussell in Accra (Gold Coast) found the pouched rat {Cricehmys gam- 
bianus) to be most susceptible to infection with S. duttoni, and it is 
probable that the spirochaste of the shrew mouse, S. crocidurce, is identical 
with <S. duitoni. In Panama, Clark and Dunn found a wild squirrel monkey 
— (Edipomidas peq^roi/i— naturally infected with S. ^^enezuelensis. 

Epidemiology and endemiology. — The fever caused by S. recur- 
rends o6curs, as a rule, at definite seasons of the year, depending upon 
the circumstances which favour the propagation of th(' intermediary 
host, the body-louse. In times of peace the poorer and indigenous class 
of the community is attacked. In Europe, for instance, relapsing fever 
, has been a feature of famine, as has long been noted in Ireland, where it 
was once known as “ famine fever.'* Widespread epidemics have occurred 
among the partially starved population of Central Russia. In war-time 
it is the scourge of armies in the field, and is commonly associated with 
epidemics of typhus, itself also a louse-borne disease ; therefore the two 
infections may co-exist, as in the great Serbian epidemic of 1915. In 
Southern Europe and Northern Africa relapsing fever is a disease of the 
winter and spring months, at which time people are wont to envelop 
themselves in thicker clothes than usual and to congregate together for 
warmth, thus facilitating transmission. Alarm was caused by the rapidly 
advancing and widespread epidemics of louse-borne relapsing fever which 
swept across Africa in 1921, starting from Upper Guinea. In two years 
the number of deaths caused in the French Sudan and the Niger was 
estimated at 80,000-100,000. In the upper Volta area it caused 20,000 
deaths, and in 1926 in Darfur it killed over 10,000 people. Generally 
speaking the louse-bome disease is uncommon in Equatorial Africa, on 
account of the scantier clothing. In Dakar and certain parts of Senegal, 
however, the infection is tick-borne, and the spirochaete is said to bt) 
identical with S. duUoni, In India it has l>een notinl that at the advent 
of the hot weather, in April and May, the lic^ die off and the epidemics of 
relapsing fever come abruptly to an end. 

The epidenuology of tick-borne relapsing fever differs from that of the 
louse-bome disease, as the former is associated with houses and localities 
which form a suitable environment for Omiihodtmts, and is transmitt^ 
hereditarily. In Central Africa it has been known for many years that the 
“ rest-houses on the main routes of travel are endemic centres of this 
fever, for the ticks live in the mud walls and roofs of the huts, and emeige 
. at night-time to feed on man. There is therefore no seasonal incidence, as 
in louse-bome relapsing fever. The same has been noted in the South 
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American tick-borne form, except that a greater incidence is observed in 
the wet and rainy season, when native labourers and oil prospectors are 
necessarily more confined to their quarters. 

Evolution of the parasite in the intermediary host. — Philip 
Ross, Milne, Dutton and Todd showed definitely that S, duUmi is 
normally conveyed by 0. rnoubcUa, and that it can be transmitted, not 
only by the tick which has bitten the infected individual, but also by its 
progeny, even to the third generation (Koch). The spirochffite has even 
been demonstrated within the eggs laid by infected ticks. From these eggs 
nymphs are produced in which the organism multiplies. Once fed on 
spirochfiete-containing blood, ticks remain infective for one and a half 
years, and can convey relapsing fever by successive bites to at least ten 
monkeys (Plate VI facing p. 226). 

Wht^ler, Herms and Meyer found a new tick vector in California in 
OmiUiodorus hemisi, which they collected from Lake Tahoe, Big Bear 
Lake, San Bernardino, Eldorado and Placer counties, at an elevation of 
5,000-8,000 feet. These ticks were found naturally infected with the 
Californian strain, and produced infection in mice and monkeys. Chip-munks 
and squirrels, which abound there, seem to be the re8er\Hur8 of infection. 
The bites of both male and female ticks in all ihstars are infective. 

DemUypmeni in the tick . — The cycle of development differs from that in 
the louse in that some spirochrotea enter the solid organs of the tick, the 
cells of the gut, the Malpighian tubules, and the coxal and salivary glands. 
Some can even be found in the ovaries. They remain motile for several 
days after ingestion into the stomach, the duration depending on tem- 
})erature. Complete development usually takes about ten days, after 
"which time the spirochsBtes congregate in large numbers in the hind -gut, 
when they are ready to infect man. 

Transmission is effected by the saliva, excrement and secretion from 
the coxal glands. When the tick feeds again on blood it makes a relatively 
large puncture in the skin and the saliva is delivered at the base of the 
mouth parts, so that presumably none enters the wwnd, but towards the 
end of feeding the tick evacuak^s the contents of its hind-gut, consisting 
partly of fasces and partly of nitrogenous waste from the Malpighian 
tubes. Fluid is also excreted from the coxal glands through an aperture 
at the base of the front legs. In 0. monbaia this occurs while the tick is 
still feeding. (Fig. 821). 

Transmission has been proved to be direct by bite from 0. papUlipes 
(Adler) and 0. hernm, as these ticks do not pass fsBces or coxal fluid when 
biting. If the puncture wound in an experimental animal be scraped and 
«niears made, spirochsstes can readily be denjonstrated. Relapsing fever 
Hpirochates may survive within ticks for as long as 6J years. 

Developnieni in the lome . — ^According to Nioolle S. duUoni cannot be 
transmitted by lice. The louse absorbs 1 mgm. of bkx>d, which may 
contain large numljers of spirochwtesL One day after ingestion they may 
b(i discovered in the insect's midgut (at 28° C., 82° F.). At this stage 
^^oine spiroehastes attach themselves to the epithelial cells lining the 
others invade the cells, while many die in the gut. By the end 

recurr^U. 
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of the first day the spirochffites have disappeared, and there then follows 
a phase during which they can seldom be found in any part of the body. 
This was thought to be a “ granular ” phase, as in the tick, but this question 
has been difficult to decide as the tissues contain so many minute granules. 
Adler and others now reject this possibility and consider that the orgamsms 
persist as spirochaetes, though difficult to find. After the eighth day (or 
even after a few hours — Chung and Feng, 1986) spirochastes appear in the 
blood of the louse, circulating through its body cavity. They then 
increase rapidly and may be found in all parts of the body amd limbs, 
but not in the lumen of the gut or inside the salivary glands and ducts. 



Fis* 35. — Spiroch^ta recurrentis of rela|»aiiig fever and its development in the 

louse {PedicvluB humanua). (C. M. Wenyon^ Trana. Roy, Inst, of Great Brit.) 
Diagram allows whole bodj invaded by spirocbietee. S, aalivarr glands; O, egg. Bekm, 
Qiirocbaetes In leg and antenme, whioh areetailr broken off, so that fluid exuding trom the 
body infecte the skin of the host. 


These fully developed or metacyclic spirochastes persist in the body of the 
louse throughout its life, without detriment. Thus, a considerable pro- 
portion of lice taken from a relapsing fever patient may be found infested 
(Fig. 85). 

When the spirochaBtes have reached the body cavity of the louse they 
have no natural means of egress and the louse can then bite man with 
impunity, but if a leg or antenna is injured or broken, the spiroolimtes 
escape and will enter any scratch or abrasion. Transmission probably 
normally takes place by man rupturing the louse and inoculating himself 
while scratching. As crushing kills the insect, one louse is capable merely 
of causing relapsing fever in one individual and, therefore, for this disease 
to assume epidemic form lice must be very abundant. 

Under optimum conditions 48 per cent, of lice become infected and 
remain so for 28 days. It is very unlikely that any spirochotes escape 
in the louse excreta. There is no evidence of heredita^ transmission in 
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this insect. (The crab louse, Pkthirus jmbisy appears incapable of trans- 
mitting the spirochsBte.) 

Bed huge, — ^Transmission by the bed bug, Cimex lectulariiia, has been sug- 
gested often sinoe the time of Tiotin (1897), but no convinoing case has been 
made out for it under natural oonditions. 

Other methods of transmission. — The spirochaetes have been proved 
capable of penetrating the mucous membrane and, if well rubbed in, the 
unbroken skin. Nurses and doctors treating relapsing-fever patients 
have been inoculated through the entry of infected blood into the con- 
junctival sac, and in pregnant women and experimental animals it has 
been proved that the organism can pass through the placenta to the 
foetus. A particularly virulent infection is eommonljfound in (!Jhina in heroin 
addicts, conveyed by dirty syringes, like subtertian malaria (see p. 49). 

Immunity.-— Sabritschewsky, in 1896, showed that, when equal parts of 
spirochaete-infected blood or serum and normal serum are mix^, the spiro- 
chaetes survive longer than when the infected blood is mixed with that of a 
patient who has recovered firom relapsing fever. He accordingly concluded 
that the cause of the crisis in relapsing fever and of subsequent immunity was 
the development of a germicidal substance in the blood. He was the firet to 
apply serum-therapy, and obtained an anti-spirochaete serum by repeated 
innoculation of the horse with human spirochaete-containing blood. 

Treated in vitro with hyper-immune serum, the spirochaetes rapidly become 
unrecognizable aggregations of granules, and this phenomenon may be manifest 
in a dilution of 1 : 2000. 

Cunningham in 1925. showed that the spirochaetes which e^re found in the 
blood in the initial attau;k differ serologically from those which bring about 
the first relapse, and, on inoculation into animals, these stradns maintain the 
*same characteristics. Thus, if strain A be inoculated into an experiniental 
squirrel, the initial attack will be of that serological strain, but in the sub- 
sequent relapse the strain will be B ; but if the B strain be inoculated, the 
relapse will he A, and so on. There is thus an alternation of serological strains. 
It is probable that the antibodies produced in the blood-stream by one particular 
strain do not persist long enough to prevent relapse. The thrombocytobcurin 
(Rieckenberg) or adhesion phenomenon shows clearly that serological differences 
exist between the spirochaetes of the first attack and those of the second. 

General Symptoms Common to all Forms 

1. Epidemic cosmopolitan louse-borne type (Spiroclioeta recurrentis), 
— The course and character of the disease vary greatly in a single epidemic, 
and, further, the virulence of the more severe fonns is much greater in some 
outbreaks than in others. The incubation 'period usually lasts from two 
to ten days. In some instances the attack develops promptly oil exposure ; 
it is never delayed beyond the fourteenth day. In the artificially inocu- 
lated, symptoms show themselves in from two to six days. 

The onset is generally abrupt, being characterized by chilliness or 
rigor, giddiness, ep^staxi8^ vomiting, photophobia, intense headache, and 
pain in calves. In the young there may be convulsions. Temperature 
rises rapidly to 104® or 106® F., sometimes to 108® (Chart 8). The pulse 
is rapid, 110 to 180. Should fever run high, there may be delirium. The 
Hkin is diy, although, especially during the first day, occasional sweats 
niay break out. A sUght icteric tinting of Hie conjunctiva is usual and, 

* Tbit bM betn a prcmiliMiiit algn dorinf tbif war, «qi>«olaUy in AbytHinia. 
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not infrequently, jaundice is marked at the crisis. The 'spleen is in- 
variably enlarged and tender. The tongue is coated and moist, except in 
bad cases, when it may become dry, brown, and painful on protrusion. 
The bowels, as a rule, are confined ; abdominal pain may be considerable, 
and patients usually complain of pains in the muscles of the legs, especially 
the calves. Occasionally, herpes labialis is noted. There is quite commonly 
an erythematous rash in the initial fever, and later, rose-coloured spots on 
the trunk and hmbs ; some authors describe petechia?. The rash has a 
pecuhar distribution, being generally most marked round the neck, 
spreading in a semicircular fashion from the tips of the mastoid processes ; 
thence it ranges symmetrically round the shoulders, down (he sides of the 
chcM^t and abdomen to the inner aspwt of the thighs, and to the extensor and 
flexor aspects of the forearms. The individual petechia? may be as large 
as a threepenny bit, and need to be carefully differentiated from the 
exanthemata of typhus and haemorrhagic smallpox. They are not easily 
seen on a dark skin. 

The primary remittent fever may last from five to seven days. At 
first the morning is usually lower than the evening temperature, but on 
or about the third day the evening temperature rarely rises above that of 
the morning. On the fourth, fifth, or sixth day there is again a rise of 
temperature, sometimes with delirium, ending in a crisis of profuse sweating 
and diarrhcBa. The temperature now falls rapidly to normal or subnormal, 
sometimes dropping in a few hours as much as 12*^ F. ; in elderly or 
delicate patients there may be dangerous collapse. 

The initial pyrexia, called first paroxymn, is followed by a first jmriod oj 
apyrexia during which the patient n*eovers so rapidly that aft4>r four or 
five days it may be diflicult to keep him in hospital. But from seven to 
nine days after the crisis, that is about the fourteenth from the commence- 
ment of the attack, rigor again occurs, followed by a second attack of 
lever— first relapse. This may be more severe than the initial paroxysm ; 
usually it is milder, and seldoru lasts so long. During it the secretion of 
urine is considerably increased ; sweating also is profuse, and prostration 
marked. A polymorphonuclear leucocytosis of 15,000 to 90,000 is found 
during the pyrexial periods. 

With the defervescence of the first relapse the patient enters on the 
second period of apyrexia, which is usually coincident with convalescence 
(Chart 8). But m some patients a second relapse may occur, usually 
about the twenty-first day, counting from the onset of symptoms. This 
second relapse rarely lasts longer than three days, and is generally milder 
than the previous paroxysms. In rare instances three, four, five or even 
more relapses have been observed. Anomalous types of fever are common. 
Some temperature charts show an intermittent fever throughout, more 
resembling that of phthisis. Cases with four relapses in a period of 
twenty-six days are met. Occasionally the apyrexial period may be of 
considerable length — seventeen days ; in one case observed, forty-two 
days. In some epidemics chronic diarrhoea, in others arthritis, is a 
feature. 

Convale^nee may he pretracted, and complicated with such sequebs 
as nephritis, ophthalmia, iritis,, oedema of the eyelids, otonhcea, poly* 
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arthritis, pneumonia, neuritis, parotitis, and adenitis. A mild type of 
encephalitis has been noted in the present war (1948). In pregnant women 
abortion is the rule. In some cases attacks of abdominal pain resemble 
appendicitis. 

Bilious typhoid form. — This is thought by some to be a distinct 
disease and on accoimt of the severity of its symptoms and rapidity of 
its course, especially on the West Coast of Africa, is apt to be mistaken 
for yellow fever. High fever, epistaxis, dyspnoea, intense jaundice, and 
enlargement of the spleen are noted. The jaundice is probably due to 
toxic hepatitis. The liver is enlarged. The purpuric rash is a thrombocy- 
topenic purpura and is associated with haemorrhages from the mucous 
membranes. Hicmorrhages into the skin and from the internal organs 
commonly i>ccur ; marked albuminuria is the rult*. 



Some c^ses become stuporose, with tympanites, hiccough, and severe 
diarrhoea. In Abyssinia intense dyspnoea was a prominent feature. 
These severe forms are more generally seen in war-time, when with starva- 
tion and exhaustion, the disease assumes a more serious aspect. 

II. Pkrsian type (mianoh disease). — This tickborne type is due to 
Spirochcdapersica. It is found throughout Persia, and apparently also in 
Syria, Libya and Palestine. The symptoms may be said to be inter- 
mediate betwetm those of the epidemic louse-borne and those of the 
Central African type, for, as compared with the former, the relapses 
are more numerous and of shorter duration, while the organisms are very 
scanty in the peripheral blt)od, requiring a thick-drop method for their 
<lemonstration (Chart 9). The attack is generally moderately severe ; 
the initial pyrexia shows marked morning intennissions, and lasts four to 
live days, when the temperature comes down either by lysis or by crisis. 
Three, lour, five or even more relapses are often noted, lasting sometim^ 
only twenty-four hours, or, at a maximum, three days. The spleen is 

14 






194 


RELAPSING FEVERS 



Chart 9.— Relapsing fever, Persian type. (Bellingham Smith.) 
X Spirochetes demonstrated in blood>fllm. 


rarely enlarged, and icterus does not usually occur, but, according to 
Harold, in certain epidemics the disease may assume a more severe aspect, 
jaundice and other complications may supervene, and the mortaUty may 
be high. 

III. Central African type (carapata disease ; tick fever ; gorgoya, 
Somaliland) {Spirochtda dtitfxmi ). — The African tick-conveyed relapsing 
fever, caused by S, duUmi, although in type of fever resembling the 
classical epidemic European and Indian forms, differs in some important 
particulars. The initial fever is not usually so prolonged , generally terminat- 
ing by crisis within three days. Diarrhcea and dysenteric symptoms are not 
uncommon. The apyretic intervals are of very irregular duration, being, 
according to Philip Ross, sometimes as short as one day, sometimes as 
long as three weeks ; and instead of only one or two relapses, as in ordinary 
relapsing fever, there may be as many as eleven, five or six relapses being 
the rule (Chart 10). The fever, though shorter, is as severe in the relapses 







TICK FEVER 


196 


aB in the initial paroxysm, but the intervals tend to become longer, though 
there are exceptions. Sometimes the fever may assume a low chronic 
form, perhaps a sharp cutting pain in the nape of the neck, and vomiting. 
Iritis or iridocyclitis, uni- or bilateral, is a not uncommon complication or 
sequela. The liver and spleen are generally enlarged, and jaundice, 
bronchitis and pneumonia are frequent complications. The parasites, 
being usually very scanty in peripheral blood, may be hard to find. There 
is a polymorphonuclear leucocytosis, as in the louse-bome type, and a 
slight aplastic anaemia. 

Fulminating cases, in which the onset is very sudden, were observed 
nine times in a study of 1,500 cases during the East African campaign 
(1914-1918) by J. K. Manson and Thornton. In these the spirocheetes 
occur in enormous numbers ; coma and death may ensue within twenty- 
four hours. Sometimes there is most intense icterus. These observers 
considered that death is brought about by impaction of masses of 
spirochaetes in the cerebral capillaries. 

In natives of the endemic districts the disease, as generally observed, is 
not nearly so severe as in Europeans and strangers, being usually limited 
to a paroxysm or two of one or two days’ duration. The* mildness of 
these attacks is probably explained by a partial immunity conferred by 
previous inhnjtions. 

Implication of the central nervous system, due to invasion by 
spirochffites, is not uncommon. A particularly distri»s8ing, but fortunately 
somewhat rare, complication is optic atn>phy. Of this there are two forms 
— one which follows immediately upon the cessation of the fever, the other 
which gradually develops after the lapse of several months. Some 
observers have described aphasia, facial paralysis, hemiplegia, and implica- 
tion of the cranial nerves — such as the third, fourth, and sixth (resulting 
in ptosis and strabismus), the fifth (trigeminal neuralgia), the seventh 
(facial paralysis), and the eighth (deafness) — coming on suddenly during 
the course of the disease ; some have recorded signs of meningitis. In 
these nervous complications spirocha&tes may sometimes be demon- 
strated in the cerebro-spinal fluid ; as a rule, it contains an excess of 
lymphocytes and is under considerable pressure, necessitating lumbar 
puncture in order to relieve symptoms. Hawking in Tanganyika failed to 
find spirocheetes on microscopic examination of cerebro-spinal fluid, but 
intraperitoneal injection into mice produced infection. In patients 
infected with subtertian malaria a superimposed attack of this relapsing 
f(*ver may determine the onset of blackwater fever. Arthritis is not un- 
common. 

rV. Tick-borne Spanish type {Sjnrochwta hispanica ). — The most 
complete study of the clinical aspects of this form of relapsing fever is by 
Mis de Ayala (1981). The incubation period is apparently very short, 
1-2 days, and the onset of the fever is abrupt. It is ushered in by nausea, 
headache, chilliness, general malaise, a rise o? temperature to 40° C. 
(104° P.) with congestion of the face and eyes, and dryness of the mouth 
and lips. 

The initial pyrexia persists for 8—4 days and is associated with drowsiness 
and prostration, and generally with enlargement of the spleen. There is 
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the usual rapid fall of temperature at the crisis, often associated with 
collapse, which responds to injections of adrenalin. 

The periods of apyrexia and relapse correspond closely to those of the 
Central African form. After four attacks the disease apparently comes to 
an end spontaneously. The Spanish fonn of relapsing fever does not seem 
to be associated with secondary ansemia, as in the other forms, though 
there is generally a leucocytosis of 14,000 to 26,000 per c.mm. during the 
attacks. Herpes labialis is common, and the urine often contains bile at 
the crisis. Enlargement of the cervical lymphatic glands said to occur. 

As in S. duiioni infections, nerve complications have been noted. Facial 
paralysis has been seen in about 3 per cent, some six w'et»ks after the last 
relapse, and in about the same proportion of cases iritis is noted. ‘ 

The prognosis is usually good. The immunity to this strain of spirocha3te 
appears to last about a year. 

V. Tick-borne, Californian, Central and South American types 
{S'pirochtjeia turicaia and S, x^nemelensis) present no special clinical 
features, but resemble in the main Central African tick-fever. 

Ocular complications of relapsing fever. — These were studied by 
Hamilton ( 1 943) in the Middle East. They are thought to be due to the presence of 
numerous spirochffites in the ocular blood vessels. Acute iridocyclitis merges 
into chronic cyclitis with persistent headache. Posterior synechias develop, and 
may be broken down by midriatics. A gro^ vitreous exudate is marked. I>e8pite 
cyclitis and vitreous changes, no choroiditis is observed. Prognosis for vision is 
good. These complications are specially marked in the louse- borne type. 

Mortality of relapsing fever. — The death-rate is usually below 
6 per cent. In a serious fonn with jaundice, which has been noticfnl on 
the West Coast of Africa, the death-rate may exceed 50 per cent. In the 
feeble and old, death may ensue at the height of the first paroxysm, or 
from exhaustion as the result of relapses. 

Diagnosis. — This fever is most usually confused with subtertian 
malaria, from which it may be undistinguishable on clinical grounds ; it 
may also resemble leptfjspirosis, enteric, typhus, influenza, dengue, 
pneumonia, malignant smallpox, and even plague. In South America 
and West Africa it may be confused with yellow fever. The detection of 
the gpirochaetes with the microscope, or by animal inoculation, is the 
most reliable method of diagnosis, especially during the febrile paroxysms. 
They are readily demonstrated with the dark-ground illumination. P'or 
methods of staining, see p. 1013. At an early stage the relapsing character 
of the fever is not available as an aid to diagnosis, but at a later period the 
history of a fever which had relapsed almtit f(Kirteen days from the onset 
of the disease should be regarded as highly suggestive. 

Wassermnnn reactwn. — A strong pseudo-positive complement-deviation 
is obtainable, both during the pyrexial stage and in the apyretic periods 
between the early relapses, in alK>ut 20 per cent, of cases. This apparently 
applies to all clinical types of the disease and therefore does not necessarily 
indicate a syphilitic infection. 

* In th« in the Libyan Dwwrt Switt reported nenrcH^impUcaiUnw In 23 per cent. ThW 

ipiroctifite is nearoimpic, so that menliMritis, bemipanals, Isdal paW sod ophUisliUopuigis were noted* 
The ia under pressure with ijraphocytic pleocytosis and imsmmd protein and ftobolin ; iwWly 
spirocfamiet wiare preeent. 
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Treatment. — Careful nursing and dieting are necessary, especially 
in the African type, and must be maintained after the crisis, when the 
patient is ravenously hungry. 

(1) Salvarsan . — Salvarsan and its allied preparations are specific when 
injected intravenously in doses of 0*8 grm. to 0*9 grm., according to the 
age of the patient and the severity of the case, the dosage being reckoned 
as 0-01 grm. for each kilogram of body-weight. After a short aggravation 
of symptoms a crisis takes place with disappearance of spirochtetes from 
the blood and, in the vast majority of cases, recovery. Should relapse 
occur, a second injection may be given. Of the salvarsan (arsphena- 
mine) compounds, undoubtedly novarsenobillon is the best ; neosalvarsan , 
hiargol, arsalyl, kharsivan, galyl (0*35 grm.) and salvarsan are useful in a 
descending order of merit, and recently sulphoxyl-salvarsan (Hochst) has 
given good results. The last mentioned, as also sulphostab (Boots), in 
closes ranging from 0*8 to 0*6 grm., has the additional advantage that it 
may be given by the intramuscular or deep subcutaneous routes. Evidence 
shows that salvarsan is most efficacious when given in the pre-critical 
period — that is, when the temperature is on the rise, directly the diagnosis 
lias betm made* ; relapses arc* apt to occur if it is given while the tem- 
perature is on the Jail, or during the apyretic period ; this is especially 
true of the Central African type, some cases of which appear to be resistant 
to salvarsan treatment. If it is not given in the first attack, it should be 
withheld until the first relapse, and then injected on the rise of temperature. 
It is generally agreed that salvarsan ought not to be injected when the 
crisis is imminent. A vc*ry grave reaction, due to the great destruction of 
the spirochaetes and the liberation of their toxins, with corresponding 
aggravation of the symptoms and, it may be, fatal collapse, is apt to 
ensue. On the other hand, the great majority of otherwise healthy 
patients recover from most fonns of relapsmg fever without any specific 
treatment, although convalescence may be prolonged. Albuminuria does 
not constitute a contra-indication to salvarsan treatment. 

Hawking, who made a study of various methods, found the results 
of arsenical treatment difficult to evaluate. Arsant, a salvarsan compound, 
in which one or two arsenic atoms is replaced by antimony, has the same 
therapeutic value as neosalvarsan. The results of treatment of the tick- 
borne relapsing fever in Libya (1942), especially in Tobruk, with intra- 
venous arsenicals, were not satisfactory. Cooper reported that relapses 
occurred in 40 out of 57 cases. 

Apparently, arsenic -resistance is rapidly acquired by these Spiroohwtes, so 
that Moretti and others who studied this problem found that arsenical compounds, 
which are efficacious in the earlier stages of relapsing fever, may be ineffectual if a 
prolonged period (say of 100 days) is allowed to elapse between the experimental 
infection with the spirochete and the administration of the drug. 

(2) Stovarsol, or itpirocid (van Hoof). — Stovarsol tablets (4 gr.) in doses 
‘d six daily are said to be efficaciou.s in relapsing fever, w’hen,‘for any 
reason, intravenous injections cannot be given. 

(3) Other compoitiwft.-T-It was claimed in Tanganpka that in 8. duttoni 
uifcctiona intravenous injections (20 c.o. of a 1 per cent, solution) of mercuro- 
‘ hrome are ^nefioial. Gold compounds were advocated by German workers— 
^olganal B and A.69 ; the former contains 36 5 per cent, of gold. It is claimed 
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that residual infeotiond in the central nervous system are eliminated. Both 
preparations may be given intravenously or intramuscularly. Ishii and his 
colleagues carried out investigations with various sulphonamide preparations 
without positive results. 

(4) Subsidiary methods , — The collapse and fall of blood-pressure with 
subnormal temperature which follow the crisis have to be counteracted 
by strychnine, brandy, intrarectal douches of hot salines, and by injections 
of adrenalin and ephedrine. Vitamin K is indicated for the haemorrhages. 

Prophylaxis {see Table III). — In the louse-conveyed forms of relapsing 
fever prophylactic measures are necessarily aimed at the destruction of lice 
and their eggs by all the measures known to sanitary science — often a 
matter of very considerable difficulty when dealing with large groups of 
native porters or labourers, especially during the rainy season. Disin- 
festation is performed by superheated steam in a portable Thresh 's 
disinfector, or in specially constnicted cars in a disinfecting train, the 
superheated steam being supplied by the locomotive. As head lice can 
convey relapsing fever, local measures, such as application of oU of sassafras 
to the head, must be undertaken. (For recent measures of louse destruc- 
tion, see p, ^3 and also Appendix, p. 991). 

In the African form, prophylactic measures are much more difficult, 
and necessitate an intimate knowledge of the habits of omithodorus, 
which does not live on the body of its victim, but emerges at night-time 
from the native houses to feed on blood. It is also found on the veld, 
living in the burrows of the wart-hog, but as a rule it is only met in numbers 
in the vicinity of old camping sites {see p. 946). The tick itself is very 
difficult to destroy, and may remain uninjunxl after prolonged soaking 
in cresol. 

The following rules are necessary : 

1. Avoidance of native houses, most of all at night-time — especially 

th68e situated on much-fre<|uented routes. Bedsteads of 
native manufacture should also be avoided. Camps should be 
placed as far distant as pc^ible from native villages. 

2. Avoidance of much-frequented ground for camping sites ; omitfao- 

dorus can exist without food for years. Sleeping on the ground 
should not be practised unless absolutely necessary, and only 
when well protected by a mosquito-net. A night-light is 
recommended to scare away the ticks. Blankets should be 
carefully inspected before retiring to rest. 

Native huts should be st) constructed that a space of B-10 in. intervenes 
between the walls and the ground. Mud and rabble buildings are in- 
advisable ; floors should be raised, and made of cement. A deep trench 
dug rotmd a building and filled with wood-ash has been found effective in 
excluding ticks. A solution of pyrethrum in white oil (0*18 per cent.) has 
been found an efficient insecticide for 0. moubaiaf applied either directly 
to the ticks or to floors or bedsteads. 

Children especially act as a reservoir of the spirochietes, and th^ ticks 
feed upon them. 

Prophyl^ic inoculation , — Attempts to immunnse the inhabitants of an 
infect^ district have been undertaken by Russian workers with a vaccine 
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TABLE III 



Epidemic Louae 
Relapeing Fever 

African Tick Fever 

Other Tick Fevers 

Vector 

Pediculus humanus. 

Omithodorus 

mouhata. 

Other species of Or- 
nithodonis 

Haunts 

Human body and 
clothes. 

Floors, cracks, court- 
yards. 

Rodent burrows. 

Transmission 

Crushed lice : not 
hereditary. 

Coxal fluid, fasces ; 
hereditary. 

In some cases doubt- 
ful ; hereditary. 

Reservoirs 

Man. 

Probably man only. 
Maybe mice or 
shrews. 

Rodents, squirrels 

and other animals. 

Biology 

Pediculus feeds only 
on man ; short- 
lived. 

0. mouhata feeds 
mainly on man ; 
lives for months or 
years. 

Species of omitho- 
dorus feed on 

animals; occasionally 
on man ; live for 
months or years. 

Disease type . . 

Epidemic. 

House disease. 

Sporadic. 

Control 

Louse control. 

! 

Destruction of build- 
ings. 

j Concrete dwellings. 

1 Kerosene emulsion. 

1 Pyrethnim in oil. 

Difficult ; based on 
habits of normal 
hosts or ticks. 

I 


composed of a mixture of cultures of the original and relapse strains of 
S. recurrentis, which had hei^n incubated at 37"^ C. for three days and sub- 
sequently kept at room temperature for 14-16 days until they had lost 
their virulence. Each man received 1-0, 1-5, and ‘2*0 c.c. at three days’ 
interval. A we<^k after the last injection the blood was found to contain 
spirochffitolysins against both original and relapse strain. The results 
showed that it was possible to produce immunity by inoculation of dead 
spirochaetes. 

For a description of the ticks (Plate VI) and their habits, se£ p. 946. 

General considerations on varieties of relapsing fever. — 

In the present state of our knowledge it is difficult to assess the exact 
status of the geographical varieties of relapsing fever spirochsete and their 
ndative zoological rdles. It may well l>e that they are not distinct species, 
for tht*y cannot be differentiated on morphological or cultural grounds. 
Leishinania and rickettsia offer parallels in this respect. It is doubtful 
whether differentiation of these spirochaetes has proceeded lar enough to 
prevent interchange of intermediary hosts. Though it has been stated 
that tick -borne relapsing fever organisms are not infective for the louse, 
this has been challenged by many workers, including de Buen, who has 
been able, with equal facility, to transmit Spiroch^ta hispanica through 
ticks or lice, while under natural conditions there is no evidence that the 
disease is transmitted by lice. The parasite has become habitually tick- 
transmitted. It has been suggested (Nicolle and Ander^n, 1986) that 
relapsing fever was originally endenuc and tick-transmitted, but as a 
rt'sult of the advent of a new host in the louse, it became epidemic and 
world- wide. 
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LEPTOSPIROSIS 

During recent years it has become possible, through the discovery that 
certain delicate spirochates (leptospirae) are present in the bloodstream 
and in various viscera, to group together certain fevers which have certain 
clinical features in common. Under the heading of Leptospirosis are 
included infectious jaundice, seven-day fever, and possibly other certain 
less well-defined types. 

WEIL’S DISEASE 

Synonyms. Icterus Gravis ; Spirochaetosis Icteroheemorrhagica ; 
Mediterranean Yellow Fever ; Griesinger’s Disease ; Odan-eki (Japanese). 

Definition. — A fever, especially found in sewer workers, caused by 
Leptospira icteroluBniorrhaguB, associated, though not invariably, with 
jaundice and enlargement of the liver. The natural reservoir of infection 
is usually the rat (Rattiis rattiis and K, norverjicus). 

History. — An acute febrile illness associated with jaundice and a high 
mortality was first described by Weil in 188fi, and has since been known as 
Weil’s disease. Possibly Larrey originally described this disease as contagious 
jaundice with haemorrhages in Egypt in 1812. In 1915 Inada, Ido, and other 
Japanese investigators described the spirochaete L. icterohamorrhaqioR as the 
cause of the disease, and this was confirmed in Germany by Huebener and 
Reiter in the same year. In the early summer of 1916 this disease occurred 
sporadically among the allied and German troops in France, where the Japanese 
discovery was soon confirmed by Stokes, Ryle, and Tytler among British troops, 
and by Uhlenhuth and Fromme on the German side, while Bonini recognized 
it on the Italian firont. In 1917 the same Japanese investigators, by guinea- 
pig inoculations, proved the presence of the leptospira in othemise healthy 
rats (R. norvegkus and R, akmndrinus) and in the field- vole ( Micndm monUbeUai), 

Geographical distribution. — The disease appears to be esp<H;ially 
prevalent in Japan; during the 1914-1918 War, outbreaks occurred 
among troops in Gallipoli and Salonika, and in Egypt, where the 
disease bad long been known. It is found along the North African coast 
and the shores of the Mediterranean, and is known to occur in France, 
Italy, Germany, Holland, the United States, Peru, Brazil, and the Argen- 
tine. It is endemic in West Africa, the Congo, French Equatorial Africa, 
Sudan, Abyssinia, and British Guiana. Epidemics have b^n described in 
the Andaman Islands, Dutch East Indies, and Malay States (Fletcher). The 
disease in the tropics is said to be specially virulent, though further 
researches on this point, as well as on its distribution in hot countries, are 
necessary. In Europe it is said to be commoner in summer-time in IloUand, 
wh^ Scfafififner observed 451 cases in ten years ; it is specially prevalent 
in the south and in Rotterdam. The Editor, in 1922, recorded a case in 
London ; others have been observed in Scottish coal-mines (Buchanan), 
and in Aberdeen. In 1984 it was shown by Fairley that Weil’s disease is 
by no means uncommon in the sewer workers of Tjondon, and this was soon 
confirmed in Liverpool and other cities. It is also not infrequent in canal 
workers. 
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Epidemiology and endemiology. — In Japan the disease has a 
definite seasonal incidence, occurring, as a rule, most frequently in the 
months of September to November. The organism is found as a harmless 
parasite in the kidneys of wild rats and mice, and is excreted in their 
urine. The disease is therefore usually endemic among fanners and miners 
who are exposed to wet soil and water conditions, such as prevailed in 
trench warfare and caused outbreaks in 1916 and 1917 in France. In the 
Andamans, leptospirosis was prevalent during the South-West Monsoon, 
and confined to adult males engaged in outdoor occupations. 

In some cases water appears to be the source of infection. Epidemics 
have been recorded among soldiers in Italy and in Germany after bathing 
in certain river pools. The Editor (1922) originally showed that polluted 
water was responsible. Since then several other British infections from 
the same source have bi*en reported. It is now known that spirochastes 
of the leptospira type are widely distributed in water, and some have bee.i 
proved pathogenic to guinea-pigs (Zuelzer). 

In Holland Schuffner showed that the highest incidence is amongst 
those whose occupation brings them near canals, and especially those who 
have fallen in by accident. 

Schuffner demonstrated that the non -pathogenic L. biflexa (Zuelzer) occurs in 
any kind <jf w ater, but that pathogenic L. icierohaemorrhagios can be demonstrated 
by immersing exix*rimental guinea-pigs in suspected pools. 

Slime Jerer (L. ijrippo-lypJiosa) is an abortive form of Weil’s disease 
pnwaleiit in Germany, where it is often acquired during bathing. No less 
than 700 castes were reported in July, 1926. The attack begins with a 
rigor and a rise of temperature tt) 104° F. “ Field fever ” in pigs and 
man is due to L. pomona. 

Schiiffner and Uhleiihuth described outbreaks of infection with L. grippo- 
tf/pkom in Holland and Germany, and the part played by voles {Microtus arv^is), 
(’hildren are mainly infected during play in the fields, w here they collect these 
rodents and art* frequently bitten by them. In Switzerland the disease is known 
Jis “ swine meningitis 

Annual outbreaks of leptospirosis of great severity were reported in 
1933 and 1934 in O^tHUisland. These occurred among sugar-cane 
cutters and farmer, esptx^ially after prolonged rainfall, the infection 
having entered through scarifications of arms and legs ; a native species 
of rat culmornm) appeared to be the carrier of the infection. In 

1934, Davidson, Campl>ell, liae and Smith described an epidemic of 
nim*t<MUi easels in Aberdetui, chiefly among fish workers. The patients 
vvtTe handling fish in rai-infe^ted priuniw^s, the fioors of which became 
covered with slime and offal. The liands are traumatized in doing this 
work, so that the infection can enter. Depilated guinea-pigs were easily 
infected with water obtained from this source. In the United States an 
outbreak in fish workers was reported by Glotzer (1938). Leptospirosis 
has, therefore, become an “ occupational disease.” 

The disease occurs in dogs, especially hounds, in which it is known as the 
yellows/* and it has been recognized in the fox, especially the silver variety, and in 

' SiiHiQ ttUi WM writtitn a hxM tmn mUb!i«h(Kl that thbi tliiMMW U primarilv h m mno infection and 
' tliore la a atmUiir tvp« of kldnoy Infoctlou to that of mta with L, ictavhastnorfhngiw^ but In the former 
1 >i( leptoeplm la •moeiicunt and not pemmnent. 
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leopards, especially when fed on rats. Canine epidemic gastritis Stuttgart 
disease ”) is identical with Weil’s disease. 

Etiology. — L. ic^oJumnorrhagim is found in the blood, urine, cerebro- 
spinal fluid and sputum. It is a spiral filament with wide flexures, the 
individual spirals being in close apposition (Fig. 36). The largest forms 
attain a size of 20 /i by 0-25 /x, the average length being 6-12 /x. 

It is now generally agreed that the oiganism is identical with L, ideroidest 
the organism described by Noguchi in yeUow fever. 

The organism may be demonstrated by the dark-ground illumination, 
but is so extremely active that its movements can only be seen with 
difficulty. According to Fletcher, it is most rea dily demonstrated in blood- 
films by Fontana’s method. Although easily demonstrated in guinea-pigs, 
it can be found in human blood only after prolonged search. In microscopic 
sections of infected organs the leptospirte show up well with Levaditi's 
method of silver-nitrate impregnation. 



Fig. 36. — Micropbotograpb of Leptospira icterohamnrrhagice from kidney of ral. 

X 3 , 000 . {Dr. A. C\ Coles.) 

The organisms exhibit rapid movements ; when frtre, one end is extended and 
straight, the other semicircularly hooked, so that they progress in the direction of 
the straight portion and appear to be propelled from the rear by the rotating hook. 

This parasite was cultivated by Noguchi on solid media such as blood-agar or 
gelatin {see p. 1018). According to Fletcher, it grows readily on agar impregnated 
with immune serum, but is agglutinated thereby in a peculiar manner. The 
culture medium used by Dutch workers consists of tap- water 1,600 c.c., Witte’s 
peptone 0-15 grm.. Ringer’s solution 300 c.c., and Sorensen’s solution of pH7'2. 
The final reaction of this peptone medium should be between pH 6*8 and pH 7*2. 
Three cubic centimetres is placed in a small tube and sterilized, and 3 c.c. of 
rabbit’s serum is added. The tul>es are then heated to 66** C. for thirty minutes 
and incubated at 37** C. overnight. Leptospirss are seen by the dark-ground 
illumination on the fifth or sixth day. Stefanopoulo, Morrow and other workers 
have cultivated L, icteroheemorrhagiie on the cborio-allantoic membrane of the 
chick embryo. 

According to Fletcher and Brown, there are distinct serological races of L, 
uUerohamprrhagiaBf the Andaman, Indian, and Sumatran strains being distin- 
guishable fix>m those found in Europe and elsewhere. 

Schfiifher distinguished a dog strain, L. eanieola^ which occupies a position 
analogous to that of L, hdxUmadis and which is found in Holland. L» grippo^ 
iyphom (Tarassof ) is the name apjdied to the agent of “ swamp fever,” or ” fnaJadk 
de la rose,” in Eastern Europe (KorthofiT) ; it is characterized by severe Jaundice. 

Fletidier and his staff in Kuala Lumpur found that the orgaaisins isolated 




WEIL’S DISEASE 


203 


from 26 patients could be separated serologically into six groups, whilst Baermann 
and Smits in Sumatra have studied nearly 400 oases. The symptoms of this 
form are mild and much more closely resemble benign forms of relapsing fever. 
The febrile periods last from 2-4 days. 

Strains of organism isolated in Queensland by Cla3rton and Derrick differ 
from those of European origin apd more closely resemble Sumatran types. 
They were provisionally named L, atiMralis A and B ; the latter is closely related 
to L. canicola. 

There is some divergence of opinion on the advisability of regarding serological 
races of leptospira as distinct species. Methods of differentiation, such as the 
Rieckenberg reaction, are considered by some to be too delicate and uncertain. 

The common natural reservoir of the leptospira appears to be the rat, in 
which it occurs in the fjeces, urine, and kidneys, though it has not yet been 
demonstrated in the blood. The disease is believed to have been originally 
epizootic in rats, but these animals have now become tolerant. The 
leptospira has been demonstrated in 32*4 per cent, of wild rats in Japan, 
in 56 per cent, in Holland (Schl'iffner), less frequently in France, Tunis and 
Algiers, and in 4 per cent, of sewer-rats in London. In the United States 
the proportion varies from 4 to 83 per cent. L. icierohcBmorrhacii v has been 
demonstrated by Buchanan in the zooghna-like “ roof-slime,” which con- 
stitutes a sourct* of infection in certain coal-mines in Scotland. It has also 
been found in the grei*n slime of sewers in London by J. M. Alston. 
Probably in this case the portal of entry is through skin abrasions, and 
guinea-pigs have bwn infected by rubbing cultures, slime or suspected 
water through the skin. Water again may be a source of infection, 
especially wdien it comes into contact with the bronchial epithelium, as 
by diving and swimming the ” crawl stroke ” (Schuffner). In Sumatra 
it is thought that native dogs may constitute a reservoir, as Kowenaar 
and Wolf found 6 per cent, of dogs in Medan to bt» carriers, and the organisms 
were proved to be present in the kidney tissues. Very occasionally, 
human cases of infraction by L, canicola have been found in Holland. 
Human cases from the bites of infect^rKi rats have also been reported. 

Guinea-pigs are very susceptible to experimental infection, and so also, 
but to a lesser degree, are dogs and puppies, rabbits and monkeys. To 
produce the disease^ in these animals. 3-5 c.c. of the patient’s bl(X)d is 
required, and should be injected intraperitoneally ; the animal dies of 
intense jaundice about the tenth day. 

Pathology. — The liver is invariably increased in size, and may weigh 
HX>-160 oz. The gall-bladder is generally half-filled with brown or greenish- 
l)rown bile. The various microscopic lesions are reducible to three main types. 
In the first there is little destruction of the parenchyma or intercellular tissue ; 
the second is characterized by extreme cellular degeneration ; in the third 
there is a localized destruction of glandular tissue. The fatty degeneration of 
the liver in Weil’s disease is moderate and not so advanced as that seen in acute 
yellow atrophy. The leptospirss can be demonstrated among the cells in large 
numbers by Levaditi's method. There is remarkable similarity between the 
l*athology of this disease in man and in infected guinea-pigs. In the liver the 
<*lls appear to be killed individually, not in bulk. The spleen may be enlarged 
<md the glandular substance soft and diffluent (about 12 oz.). A generalized 
nlargement of the lymphatic glands, specially at the hilum of the liver, with 
hyperpiaaia and multiplication of the mononuclear cells, has been noted. 
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Haemorrhages occur in the kidneys, mostly in the intertubular tissues ; later 
in the disease the microscopic picture may resemble that of early interstitial 
nephritis, and leptospirse may be demonstrated in great profusion. The 
oelb of the convoluted tubules are specially attacked. Blood escapes into the 
glomerular capsule and down the lumen of the tubule. There is said to be 
a reduction in the haemoglobin and polymorphonuclear leucocytosis of 10,000 
or more. There is also a reduction in the number of blood -platelets to 10,000 
per c.mm. (normally 200,000). The coagulation -time of the blood is 
increased to twenty minutes. 

Inoculated guinea-pigs and puppies show raa^rked tendency to bleed ; haemor- 
rhages into the lung impart a characteristic appearance, the so-called butterfly 
lung,” or “ butterfly patches.” 

Symptoms. — The clinical symptoms can be divided into the first, or 
febrile y the second , or icteric y and the third , or con valescent stage. Somet iin es 
the curious piienomenon of ” after-Jerer is observed. The incubation 
period in man, as well as in experimental animals, is from six to eight, 
seldom as long as thirteen days. The onset is acute, with rigors, vomiting, 
headache, diarrhoea, and abdominal pains, which may simulate acute 
appendicitis. A few hours later, fever ensues, with thirst and v^ery 
severe general aching of the limbs. There is intense inj<H^tion of the 
eyes, which may constitute the earliest and most striking feature and is 
almost pathognomonic ; a distind; network of vtwels is se(*n on the 
cornea and sclerotics. This reaction is believed to be due to primary 
invasion of the conjunctiva by leptospir®. There is also a red plush-like 
injection of the soft palate, and often herpes labialis, which may be 
hasmorrhagic. The intense prostration, the almost agonizing muscular 
pains and aching of the bon(^, with hyperaestht^sia of the calf muscles, as 
if the muscles were being cut through with a knife, constitute the most 
distressing features of the illness. The muscles themselvc^s are very 
tender. The pyrexia is irregular, between 103^ and IQS'" F., falling by 
lysis in severe cases about the tenth or eleventh day. There is usually a 
secondaiy terminal rise of temperature lasting three to nine days, which 
is associated witn excretion of leptospirae from the urinary tubules. 
Convalescence is established in the third week, but there is sometimes a 
short temporary recrudescence of fever {** after fever ’*), which is thought to 
be an allergic phenomenon. Jaundice, which occurs in 50 per wmt. of 
cases, is noted in from forty-eight to seventy- two hours from the onset, 
and may be ushered in by haemorrhages int^i conjunctiv® or skin, or 
even from mucous surfaces. The skin is lemon- or orangi^coloured, rarely 
greemsh, prwtus being very frequent. The icterus is probably dependent 
on disorganization of function of hepatic cells, and is also due in port to 
basmolytic icterus following destruction and phagocytosis of red blood cor- 
puscles. The Van den Bergh reaction is therefore almost always biphasic. 
The jaundice becomes progressively deeper until the ninth or tenth day, 
but afterwards fades with great rapidity. Prom the fourth day onwards 
there i^y be rashes, morbilliform, erythematous or papular, over the 
loins, sides of the abdomen and below the scapul®, symmetrically die* 
tributed. A purpuric rash betokens a bad prognosis. Large black 
hssmorrfa^c spots are sometimes seen. 

TiiA nrinft m hiflhlv coloured, nearly always containing albumin and 
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bile, and sometimes casts and red blood-corpuscles. The amount is 
reduced, and the albumin content may be considerable, and usually persists 
for seven to ten days, after which a trace only may be found. Bile pigments 
have been noted in the urine in patients without overt jaundice. The 
blood-urea is usually raised before the tenth day of the disease, and a 
secondary rise occurs during the secondary fever. The leptospirse may be 
demonstrated in the urine from the tenth day to the twenty-fifth, and 
may persist as long as 63 days. They can rarely be recovered from the 
blood after the twelfth day. 

IVostration may be extreme. Constipation is the rule, but the fasces 
contain abundant bile. The pulse is slow in the later stages, and the 
l)lood-[)ressure low. A polymorphonuclear leucocytosis, of 10,000 per 
c.mm. or over, is prestuit with an Arneth “ shift to the left ” : later there is 
an increase in the lymphocytes. A high blood-urea of 200-800 mgm. per 
l(X) c.c. of blood is usually found, but is not necessarily serious. The liver 
may be enlarged, but splenomegaly is quite exceptional ; the gall-bladder 
is distended and tender ; the lymphatic glands, especially the inguinal and 
axillary, are often palpable and tender. 

The third or convalescent stage begins on the thirtwnth or fourteenth day 
with rapid subsidence of the icterus. The patient remains weak, anaE'inic 
and emaciated. During convalescence, guinea-pigs can still be inf(‘cted by 
inj^*ction of urinary sediment. 

MUd form , — After thrw or four days, in mild cases, the fever subsides 
by lysis. Blight or even severe febrile relapses are often seen at the 
b(»ginning of the third week. Davidson (1937) and Bladen (1939) called 
attention to subclinical ” fimns in those exposed to infection. 

Fanc/iwp.- Typhoidal, ur®mic, and meningeal forms — all of great 
gravity — have b(»cm dc^crilK^d. In the typhoidal type there may be 
black vomit, delirium, and muscular twitchings. Insommia is invariable. 
In the meningeal type, the cerebro-spinal fluid is under pressure, and 
contains excess of albumin and li^ptospira* in large numbers. Murgatroyd 
lias df^scribed a fM»culiarly chronic meningeal form in which the leptospiree 
wen* rwovered from the cerebro-spinal fluid six months, and from the 
urine eight months, after the onset of the illness. The patient recovered 
after intrathcH*al injection of antileptospiral senim, Mollaret and Erber 
have found that forms of leptospiral meningitis are comparatively common 
in France. Fatal cases are usually associated with paraplegia. 

Complications. — Epistaxis, haamaturia, raelrona, hamoptysis, deafness 
and pharyngitis have been noted as complications, and also inflammatory 
ocular changes, such as iritis and irido-cyclitis. The secondary fever 
(afu^r fever) or recrudescence with rigors, may occur about the fourteenth 
or fifteenth day without recurrence of jaundice. During this stage a 
remarkable pyrexia may develop ; in Japan it is seen in 30 per cent., and 
in Europe in 40 per cent, of cases and may last 14-24 days. The height 
"f the fever is often greater than during the first febrile stage. There are 
nany arguments against the view that this fever is a relapse, as all attempts 
•'> infect guinea-pigs with blood have been negative. It is generally 
"[warded as allerdc, and due to absorption of toxins. The sequel® are 
‘najuiia and deWBty. Alopecia usually occurs in convalescence. 
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The mortality-rate may be fairly high — in the Andaman Islands about 
18 per cent. 

Diagnosis. — The urine from the fifth to the eighth day gives an 
intense green reaction when one or two drops of acetic acid are added. 
Early in the disease, if possible before the third day, the blood should be 
examined under the dark illumination for leptospirte, and in doubtful 
cases should be inoculated into guinea-pigs for confirmation. For this 
purpose 6 c.c. should be injected directly into the peritoneal cavity ; 
citrated blood acts equally well, if not kept longer than twenty-four hours. 
The diagnosis may also be made, probably with more certainty, from the 
twelfth day onwards, by injection of the same quantity of cath(»terized urine. 
According to Fletcher, the diagnosis is most simply and readily made by 
direct inoculation of the blood into blood-agar, and subs(H]uent incubation. 
Blanchard and Lefrou (1922) increa.sed the chances of finding the parasite 
by triple centrifugalization of the blood. According to Schuffner, one cen- 
trifugalization of 10 minutes’ duration at 1,500 revolutions is useful 
in demonstrating leptospir«, when the plasma is separated from the pre- 
cipitated red blood-corpuscles and then examined in a thick layer. 

An agglutination test with cultures of leptospiras grown on solid media 
is much used ; it occurs in a titre of 1 in 500, 1 in 1 ,(X)0, and even as high 
as 1 in 30,000 (Davidson, SchiifTner et al.). The specific agglutinins appear 
in the serum as early as the sixth, more generally abt»ut the tenth day of 
the illness, and persist for as long as twenty-two months. 

Postmus (1933) found that this property of the serum may tMiinetimcia persist 
for eight years or longer. In carrying out the test Schuffner used living cultures 
of leptospirse, and also cultures killed and preserved in formalin (0*2 per cent.). 
A small amount of gentian violet may be added to facilitate the reading of the 
results. One drop of antigen and various dilutions of serum are mixed in squares 
ruled on a slide, rocked for ten minutes, and then examined on a white background 
in diffuse transmitted light. On the whole, the macroscopic agglutination test 
is less sensitive than the microscopic. For the macroscopic agglutination test 
the antigen is prepared from actively growing young cultures of leptospine. The 
volume of culture added is equal to six times the volume of each dilution of the 
serum tested. The mixture of serum and culture should l>e incubated for three 
hours at 37® C., followed by thirty minutes at 65"^ C. With living leptospine 
agglutination appears only in the lower dilutions, as in the higher lysis sets in, 
rendering agglutination impossible. The one disadvantage is that the formalin 
mixture after some weeks is rendered useless by matting together of the leptospine 
into felt-like clots. The agglutination-absorption test was used by Schiiffner 
imd others as a means of differentiating strains of pathogenic leptospine ; by 
these means he separated A. canicola of the dog. 

Browm and Davis demonstrated that the “ ^heslon ” or Rieckenberg pheno- 
menon is applicable to the diagnosis of Weil’s disease as well as of trypanosomiasis. 
The reaction possesses distinct advantages over agglutination owing to the ease 
and certainty with which it can be practised. The test consists in allowing t^ 
immune serum to interact with the specific leptospira in the presence of a suitable 
indicator such as bacilli or blood-platelets. Not only can the disease be diag^ioaed 
by this method, but it may also furnish a means of differentiating leptospirsi. 

The cultures used for the macroscopic agglutination test are obtained on 
Noguchi semi-solid medium by incubating at 32® C, for 6-7 days ; 0*2 c.c, of 
such a culture of actively motile leptospira is kept in a water-bath for one and 
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a half hours at 37° C., mixed with an equal quantity of antileptospirai serum 
and examined by dark-ground illumination for agglutination. 

Gaehtgens a elaborated a oomplement-hxation test. The antigen is a culture 
of leptospirss, centrifuged, and the sediment suspended in saline containing 
0*3 per cent, carbolic acid. 

The centrifuged deposit of urine rich in these parasites may be utilized 
for an agglutination test in place of a culture, and the diagnosis has by 
these means been placed upon a scientific, if not on a practical basis. The 
leptospirsB can usually be demonstrated in centrifuged urine, and may be 
present up to the sixty-third day, though they generally disappear on the 
fortieth. Davidson has pointed out that their numbers are somewhat in- 
constant and they may disappear altogether in acid urine. If negative at 
first, this test should be repeated evtfry second day up to the end of the 
third week. 

An antiserum sptKjific for the Lepiosjnra wteroliaemarrJiaguB has now 
been prepared from rabbits, and by this means the identification of the 
organism has been made possible. 

From the fifteenth day onwards the immunity reaction may be employed ; 
for this purpose 1 c.c. of the patient's serum is left in contact, for fifteen minutes, 
with several times the lethal dost* of the leptospira, and injected into a guinea- 
pig, which does not develop symptoms of the disease, w hile control animals die. 

Differential diagnosis. — The disease has to be differentiated from 
yellow fever, inh*ctive hepatitis, catarrhal jaundice, syphilitic disease 
of the liver, and the icterus of relapsing fever and of malaria. The fever 
must be distinguished from that of relapsing and of yellow fever, and 
the leptospira from SpirochcpJa reciirrentis. On clinical grounds the 
diagnosis should not bt* missed, when jaundice, associated with nephritis 
and nitrogen retention, is followed by headache, muscular pains and 
scattered haBinorrhages. The difficulty in differential diagnosis between 
leptospirosis and yellow fevt^r may be realized w^hen it is remembered 
that the cases studied by Noguchi as instances of yellow^ fever were, 
almost certainly, cases of leptospirosis. Faget’s sign is not present in 
le[)to8pirosis {see p. 888). 

In fevers such as typhus and cerebro-spinal fever, and in several others 
in wliich relapse may occur, including plague, rat-bite fever, and para- 
typhoid (especially paratyphoid-B), jaundice may be a complication. 
Other possibilities are lobar pneumonia, portal pyiemia, and occasionally 
BacL coli soptiosBinia. 

Tbeatment 

1 . General conduct of the case. — The systematic treatment 
consists in keeping the patient at rest, flushing out the bowel by repeated 
^inall doses of calomel, and intravenous injection of normal saline contain- 
ing 5-10 per cent, of glucose. Should the nephritic symptoms become 
B, intravenous iiyections of saline or of Ringer’s solution, J to 1 litre, 
necessary. The diet must be liquid and, if vomiting is persistent, 
be given as nutrient enemata. For the pruritus accompanying 
icterus, spirit of camphor or mentholated vaseline is recommended. 
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2. Antiserum treatment. — The scientific treatment consists in 
the administration, as soon as possible, of a polyvalent antisenim which 
is prepared from horses injected with cultures of L. icteroluBmorrhagioe > 
An efficient serum is now prepared by Burroughs Wellcome. This is 
given intravenously at intervals of several hours for at least four days 
in succession ; 20 c.c. at least should be given at each injection. For a 
man of 70 Kg. weight, the dosage is 60 c.c. daily for three to five days. 
Usually, after this treatment the temperature begins to fall, hut in advanced 
cases, in which jaundice and urasmic symptoms have supervened, the 
method is of little value. Failing the provision of commercial anti- 
leptospiral serum, the serum of patients conv^alescent from this disease 
has been injected in daily doses of 30-40 c.c. intramuscularly. To give 
the best results, this immune serum should have an agglutination and 
lysis titre of 1 : 20,000, and this is reached 30-50 days from the commence- 
ment of the attack. It deteriorates when stored and should not be used 
after six months. 

3. Other measures. — Hexamim has been recommended and sodium 
tartrohisrnuihaU has given good results when injected subcutaneously. 
Uhlenhuth and Seiffert have recommended injections of Bisrnuth-Yatren 
A and B. 

Prophylaxis. — Prophylaxis manifestly consists in sterilizing the 
fsBcal and urinary discharges of the patients, and in waging war against 
the rat, the natural host of the parasite, and carefully guarding against 
its access to f(x>d. Swimming, especially the “ crawl stroke/* in pools or 
rivers known to be the source of the disease should l>e avoided. Sewer 
workers must protect themselves against abra-sions. Noguchi prepared a 
vaccine of killed cultures of leptospira whicli he used for prophylactic 
inoculation in Japan. 

SEVEN-DAY FEVER 

Synonyms. Nanukayami ; Shueki ; Sakuaku Fever (Japanei<ie) ; Autumn 
Fever ; “ Pomona Fever ’* (Australia). 

Definition. — A short fever, due to Leptospira hebdomadis^ occurring epidemic- 
ally during the summer months, especially in Japan (Fukuoka), characterized 
by sudden invasion, severe headache, pains in the back and and pyrexia 
of a peculiar saddle-back, or occasioni^y of a continued type, lasting from six 
to seven days and associated with a relatively slow pulse. 

Histoiy. — Possibly this is one of several fevers included under the term 
“ simple continued fever.” Its differential diagnosis from dengue was rendered 
clear by the discovery in 1918 of the L. hebdomadis by Ido, Ito, and Wani. 

Geographical di^itnition. — ^The home of the disease is Japan, and it 
is found in China (Shan-si), and also in India, the Dutch East Indies and Australia, 
especially in dairy farmers. A disease of dogs in the Blalay States was proved 
by Fletcher to be produced by a leptospira of the L, kebdomadU type (possibly 
identical with X. canicola of SchiifiFher, see p. 202). 

Powdbly the organism described by Derrick (1942) in Queenriand as X. pomona 
is related to X. hebdomadis, 

Etiology. — X. hMomadis resembles X. id&rokmmarrhagim closely, but can 
be disringuished by serological reactions. The oiganistn is said by Noguchi 
to be slightly longer, the elementary s|^ra]s almost goomeUically equidistant. 
It is present, though in small numbers, In the blood-stieam during the pyrexial 
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period, may be demonstrated by Giemsa's stain or by the dark -ground illumina- 
tion, and is readily cultivated by Noguchi’s method. The chief channel of 
elimination is kidneys and urine. 

The short-eared field-vole (Microtua monlebelloi) appears to be the normal 
host of the leptospira in Japan, and the organismT can be detected in the kidneys 
and urine of 3*3 per cent, of these animals, which can convey the disease by 
their bite. The endemic area of prevalence of seven-day fever corresponds 
with the distribution of this vole in Japan. 

Microtus, sometimes termed a field-mouse, is really a stump-tailed field - 
vole, and is common in country districts in Japan. It burrows in the ground 
and feeds on roots and grain in much the same way as other small rodents. 

The blood of convalescents from seven-day fever contains specific immune 
and leptospiracidal bodies and, when injected, together with a cnlture of the 
organism, into the peritoneal cavity of a guinea-pig, gives a positive Pfeiffer 
reaction. Young guinea-pigs are susceptible to inoculation with the blood of 
patients, and with cultures of the leptospira ; they may also be infected via the 
skin or per oa. 

S]rmptoxns. — The symptoms resemble those of Weil's disease, and the blood 
shows a slight leucocytosis. The disease appears to be transmitted by the 
bite of infected field-mice, so that the patients are generall3^ workers in the 
fields and forests. 

After a short invasion -period the fever comes on briskJ>% and is accompanied 
by depression, muscular pains, especially in the calves, conjunctivitis, digestive 
symptoms, an^ enlargement of the lymphatic glands. Apparently, seven-day 
fever is a mild disease and has no mortality, and no distinctive pathological 
anatomy. The organism c^n be demonstrated in considerable numbers in 
tlie urine after the eighth day, and may persist to the thirty-ninth day. 
Alburoihuria is noted in the early stages. 

Differential diagnosis. — The disease is to be distinguished from relapsing 
fever, Weil’s disease, rat-bite fever, and especially from dengue. There 
is considerable difficulty with dengue, for many writers have confused the two 
diseases, and some consider them identical, but in view of recent w'ork there 
can be little ground for adopting this view. The bone- pains and the morbilliform 
eruption in dengue suffice to distinguish it from seven-day fever. 

Treatment. — The disease being generally slight, no specific treatment has 
been evolved. The fever must be treated on general lines. 

Note. — In Sumatra various observers have isolated leptospirss from illnesses 
of different degrees of severity, including fevers of from one to five days’ duration 
with no jaundice ; more severe cases with jaundice ; and finally, haemoglo- 
binuric cases resembling blackwater fever (aee p. 74). The organism isolated 
from mild cases is morphologically^ identical with L. icUrohoamorrhagias and 
may produce severe symptoms on inoculation into guinea-pigs. Vervoort 
(1923) proposed the name of L, pyogenea for organisms isolated from these 
fevers of short duration. 

Fleich^ in the Malay States also isolated leptospirss from a variety of 
febrile oases, some resembling dengue, and he classified the organisms 
Ht^rologioally into a number of groups. * Owing to the instability of serological 
reactions, and the fact that primarily non-pathogenio water leptosinras may 
I’c rendered pathogenic so as to produce symptoms of Weirs disec^ in a n i m als, 
^^aermann and Zuelzer reached the conclusion that all so-called pathogenic 

ptospins are identical with free-living forms in water. L, icUro^camorrkagim 
L, hMamadia may therefore be identical. 
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RAT-BITE FEVER 

S3mon3nii8. Sodoku — so (rat), doku (poison) ; Sokosha (Japanese) ; 
Cat-bite Disease. 

Definition. — An acute febrile disease caused by Spirillum mintts 
{tnorsus-mtiris), inoculated into man by the bite of an infected rat (some- 
times also cat and ferret) causing a local disturbance at the site of infection, 
followed by a general fever, with a tendency to relapse and, in some cases, 
a cutaneous eruption. 

History. — ^This disease has long been known to Japanese physicians. Since 
its recognition, cases have been reported from India and other countries. In 
1916, Futaki, Takaki, Taniguchi, and Osumi demonstrated spirilla in the 
lymphatic glands fix)m the tenth to the thirteenth day of the illness ; later 
they found similar, though shorter and stouter, organisms in the blood-stream ; 
the latter are now recognized as being the young forms of the parasite. This 
work has since been confirmed by Kaneko and Okuda in 1917, and by R. Row 
in Bombay. A. Robertson showed the organism to be a spirillum, and its 
ctMTTect nomenclature to be Spirillum minus^ Carter 1887. 

Geographical distribution.— Rat-bite fever appears to have a wide- 
spread distribution, but is especially common in Japan. Cases have been 
reported in Great Britain by Horder, Low, Atkijison, and Joekes, and 
from the United States, Germany, Italy, Australia, and East Africa, 

./f^tiology. — viinus^ is a short, squat spirillum differing greatly 
from spirochaetes, at any rate in the human body. It measures 1 ’5-4} jx 
in length ; the pointed extremities are continued into one or more tiagella ; 
including this, the total length may be 15 p.. (Fig. 87.) The curves are 
regular, and generally number three or four, or even six or more. It is 
difficult to demonstrate in the blood in the living state even by the ultra- 
microscope, but it may be seen in the exudate in the neighbourhood of the 
bite, and in the juice from the superficial lymphatic glands. 

In the living state the organism, under the microscojie, moves rapidly 
like a vibrio, by lashing movements of the flagella ; the body itself is held 
rigid, and in tlus manner the movements can be readily distinguished from 
the vibraiile motions of the true spirociuetes. This fact, Uigether with a 
certain amount of doubt regarding its method of multiplication, has led 
to some controversy on its systematic position. The presence of the 
spirillum can be easily verified in suspicious cases by inoculation of white 
mice with any of the material in which it can be seen. Next to mice, white 
rats and guinea-pigs and monkeys (Macaco) are most susceptible. The 
spirillum can also persist in the bloc^ of dogs without giving rise to any 
obvious symptoms. In mice, Ozeki has shown that the infected animals 
can be recognized within one or two months after infection by the loss of 
hair on the l^lly and chest and the nasal line, including the eyes and ears. 
Usually, however, experimental animals survive. The organisms appear 
in the blood-stream about seven days after inoculation, and persist for 
several months. The disease can be tramlmitted by the brown rat (Ratlm 
* FoniMMly koown as Spiroclutta mortuM^mutii, 
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norvegimis), the black rat {R, rattus and E. alexandnnus) , the bandicoot rat 
(Nesokia bandicota) and the ferret or cat. 

In Calcutta 2 per oent.» in Venezuela 10 per cent., in Amsterdam 1 per cent., 
and in Toulon 18 per cent, of rats have been found infected. 8, minus has not 
been found in the rodent’s saliva, but the transfer seems to take place by a breach 
in the tissues through which the organism escapes, and is thus inoculated into the 
bite wound. 

The organism resembles, and is probably identical with, S. laverani 
and S, muriSj which have been found in the blood of rats and mice in 
various parts of the world. Levaditi states that in mice this infection is 
hereditary. Saisawa and Taise have shown that the spirilla can be found 
in largo numbers in the peritoneal fluid of mice, and when these animals 



Fig. Bl.—Spirillum minus of raf*bife fcvcr In mouse. ;< 1,500. 
{M kra^phottygraph : Ihr. A. C, 


are treated with small (]uan titles of neosalvarsan the organisms persist in 
tint brain and in the sph^eii. Like the true spirochaetes, they have the 
power of forming remarkable agglomerations, sometimes forming balls 
40 50 ^ in diameter. Under the dark-ground illumination, these clumps 
move like a rolling ball. 

.Toekeo has succeeded in cultivating 8, murist which he found in 25 per cent, 
of the wild rata in I^ndon, by using an inspissated horse-senim slope, as employed 
for the diphtheria bacillus, over which is poured Vervoort’s medium (1 per cent. 
|H*pU)ne to which are added 3 c.c. of normal phosphoric acid). Primary culture 
is obtained by inoculating the medium with blood from an infected guinea- 
pig and incubating at S?'’ C. Subcultuit's are easily maintained in I per cent. 
giiiCM)se broth. 

riie immunity conferred on man and animals by an attack of this fever 
pcTOianent, and profits, apparently, against all other organisms of the 
i^aine type that have binni procured from various sources. 

Although the general belief is that 8, minus is the cause of rat-bite fever, it 
necessary to state that there are some cases from which StreptobacUltis numili^ 
formis can be isolated on special media. In the United States it has been found 
that infection of wild rats with 8. moniliformis is much commoner than with 
"ipirtUum minus. By some this is still considered to bo the aBtiological agent. 

moniltformis, first isolated in 1914, was shown by Parker to be responsible 
h»r a milk-bome epidemic, “ Haverhill fever ”, Arthritic symptoms were 
common. It is reoo^zed in the U.S.A. that there are two rat-bite fevers, and 
that the one due to aS. moniliformis is Qurable by intramuscular injections of 
-1X1,000 units of penicillin. 




212 


RAT-BITE FEVER 


I SSSBiiSSBflilHB| 


b f )l J Pathology. — In inoculated guinea- 

pig$i and white rats swelling of the 
lymphatic glands and spleen is ob- 
^ served. There have been few re- 
2 corded human autopsies. Degenera- 
. tive changes occur in liver and 
§• kidneys. In some cases increase of 
^ cerebro-spinal fluid and hyperjemia of 
'I the cerebral cortex have been re- 
^ ptMrted. 

Symptoms. — The innibaiioii 
period varies from one to sixty days^ 
1 the average l>eing from five to 
-§ days, during which time the wound 
^ heals. Then the cicatrix itself, and 

4 sometimes the surrounding tissues, 
^ become inflamed, with formation of 

blebs and even necrosis. The lym- 
phatics draining the area are im- 
1 plicated, and the glands themselves 
i become swollen and tender. The 
onset of the fever is characterized by 
rigors and malaise ; the temperature 

5 gradually rises in three da^’s to a 
. maximum of 100-104^ F., and. after 

a further period of thn*f* days, ends 
.2 in crisis with profuse sweating 
^ After the primary attack a quies- 
S cent intei^’al of five to ten days en- 
X Bues, with subsidence of the local 
^ disturbance. One or more relapses 
g (Chart 11), associaiiHi with the same 
*1 symptoms and a characteristic purple 
«S papular exarithem or urticaria on 
• the chest and arms, have been noted, 
I The eruption is sometimes nodular. 

With each l)out of fever the cicatrix 
J at the site of the original bite be- 
z conies inflamed. 

» In most cases the reflexes are 
J. increased ; there may be pains in 
— the muscles and joints, ana hyper- 
'g sBSthesia and oedema of various parts 
S of the body. In some cases artmtis 
has been reported. The death-rate 
is about 10 per cent. In fatal cases 
the end is ushered in by delirium, 
often lapsing into coma. Some oases 
subside spontaneously: others go on for months. 
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As in relapsing fever, the organism can be demonstrated m the blood 
during the fever only, disappearing during the apyretic intervals. The 
serum agglutinates the spirillum in low dilutions. TTiere is an eosinophilia 
during the paroxysm and a moderate leucocytosis of about 15,000. It is 
said that the serum in this disease gives a weak positive Wassermann 
reaction. 

Diagnosis. — In many cases the diagnosis of rat-bite fever can be 
fully established from the history, the infiltration at the seat of the bite, 
the typical temperature curve, the rash, and the effects of the administra- 
tion of salvarsan. This diagnosis can be confirmed either by dark-ground 
illumination, when spirilla may be seen in the exudate obtained from the 
site of the bite, or in the serous fluid from the papule, or by Giemsa- 
stained smears. It is seldom possible to demonstrate spirilla in a thick 
blood-film. If a number of relapses have occurred, probably the best 
examination to make is for the presence of lytic antibodies. Absolute 
proof of the clinical diagnosis may be obtained by inoculating the patient’s 
bkK)d, lymph gland, or a piece of excised wound into guinea-pigs and mice. 

Savoor and l^ewthwaite demonstrated the curious fact that a well- 
marked rise in Proteus OXK agglutinins occurs in the blood of rabbits 
inoculated with S. minus ^ hut in man, as well as in infected monkeys, the 
reactitm is negative. 

Differential diagnosis. — This has to be made from the different forms 
of relapsing fever and trench fever, with which the temperature chart has 
much in common. In tmpical countries the possibility of a co-existent 
malarial infection luis to btt taken into account. The puffiness of the face 
accompanying the urticarial eniption may simulate Bright’s disease. 

The reaction occurring around the site of the scar is apt to b(‘ confused 
with erysipelas or cellulitis. 

Treatment. — Salvarsan and its derivatives act as a specific. As a 
rule, one injt*ction of neoarsphenamine* (0*4 to 0*6 grm.) is sufficient to cure. 

Occasionally the intravenous injection has to be repeated as a 
prophylactic measure. 8ch(H»kaert has showm that antimony preparations, 
especially stibosan, given in therapeutic doses, are effective in rat-bite 
f(‘ver ; on the other Iiand, tartar emetic and antimosan have no effect on 
the spirillum. A cat- or rat-bite should alw'ays be cauterized. 

Ah in syphilis {Spirochosta pallida)^ so in rat-bite fever the bismuth 
(Compounds appear to have a definite curative value. Mon tel and Truong- 
\’aii-Que have advocated IHtyalol, which they have given intramuscularly 
at intervals of thr<*e and five days. Two cases were completely cured 
after four intramuscular injections. Stovarsol tablets are also credited 
with curative properties. 

Prophjrlfuds. — Quite obviously, the prophylaxis of this disease, as 
in plague, rests upon efficient rat destruction. In Manila, for instance, 
it has been found that the distribution of rat-bite fever and pla^e are 
fo-extensive and that thertjfore 'measures taken against one are in fact 
e ffective against the other. 

' ia the oaoHi officially aUoptotl In place of tiovawenoblllon, neotalvamn, etc. 



Siibsectioii C.-FEVERS CAUSED BY BARTONELLA AND 
RICKETTSIA BODIES 

CHAPTER IX 

BARTONELLOSIS 


(OROYA FEVER AND VERRUGA PERUANA) 

Medical opinion in Peru has always regarded Oroya fever and verruga 
peruana as clinical manifestations of the same disease. For a time this 
view appeared to be negatived by the Harvard Commission in 1915, 
but the important work of Noguchi on the cultivation of the virus of 
Oroya fever, and the subsequent production of verruga-like lesions on 
inoculation into monkeys, has established the unity of these apparently 
distinct diseases as generalizinl and localized mani flotations of the sauu‘ 
infection. Mayer and Kikuth in Gennany fully confirmed the work of 
Noguchi. 

Oroya Fever Stage (Generalized Bartonkllosih) 

Synonym. Carrion’s disease. 

Definition. — An acute specific fever, endemic in certain valleys of the 
Andes, characterized by a rapidly developing amemia of the pernicious 
type, irregular pyrexia, and great tendeniess over the blood-forming 
tissues. The organism is Bartonella bacHliJorrnis^ 

History. — The first attempt to settle the aetiology of this disease was made 
by the self-sacrifice of Carrion, a medical student who, in 1885, fatally inoculated 
himself with the blood from a verruga nodule in IJina. From this experiment 
Peruvian physicians conclude<l that the verruga and Oroya fever were difierent 
stages of the same disease. Many thousands dietl of this fever during the reign 
of the Inca, Huayna Capae. 

It is thought that Oroya fever was the disease which proved so fatal to 
Pizarro's army in the sixteenth century. Hours has recorded that all engineers 
superintending the building of the Trans-Andean railway contracted fever 
and half of them died of it. In 1906, out of 2,000 men employed on tunnel 
work, 200 perished. The monograph of Odriozola (1898) contains a classical 
acoount. 


Geographical distribution. — Between the 9th and the 16th parallels 
of South latitude, and at an elevation of from 8,000 to 10,000 feet, in 
certain narn>w vaUeys (qiiebradas) of the western slopes of the Andes, this 
peculiar fever is endemic. It is therefore found in Pent, Ecuador, Bolivia, 
Colombia, and Chile, and probably in Guatemala. A considerable outbreak 
occurred in the GuAitara Valley in South Colombia, near the Ecuador 
toimdaiy , in 1986. Its topical as well as its geographical range is singularly 
limited ; it is confined to certain hot, narrow valleys or ravim^s, the in- 
habitats of neighbouring places being exempt. 

It is said that the dise^ may be acquired when merely journeying 
through the endemic districts, more especially if the traveller passes the 
nij^t there. Although out*of-door workers are the most subject, all ages, 
classes, and both sexes, including infants, are liable. 


***• wmk, UfmimM Ammim 4m t« IMoimS* « 
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iCtiology. — During the fever certain rod -like bodies are found in a large 
proportion of the red blood -corpuscles (Fig. 38), and in endothelial cells of the 
lymphatic glands. These were first not^ in 1905* and again in 1909 by Barton 
who considered them protozoal ; his findings were subsequently confirmed by 
Strong and other members of the Harvard Commission, who termed the bodies 
BarioneUa bacilliformis. The organisms somewhat resemble stages of a piroplasm 
{Theileria parva) during its cycle in the lymphatic glands, and similar bodies are 
found in the blood of normal mice and certain rodents {Bartonella muris), which, as 
Mayer, Borchardt and Kikuth have shown, exist as a latent infection, but which 
may produce an acute and fatal anaemia, resembling Oroya fever, after removal 
of the spleen. The causal organism of dog-anaBmia following splenectomy is 
Haritmella cants, line clinical course of this infection is connected with an 
c Hothelial reaction, and the organism is transmitted by rat-lice (HotmaUrpinus). 



Fig. 18.--Bioo4 smears with numerous BartomUa haeUlilormis (human Oroya 
fever). “ 

From the morphological stand (x>int, Bartonella and Bickettsia have resem- 
blanctes. Both are minute, pleomorphic, Gram-qegative and intracellular. On 
ftcftmnt of their peculiar behaviour, GrahameUa^ first described by Graham-Smith 
in the blood of moles, should be kept apart from Bartonella and regarded as a 
H<q>arate genus. In some respects they resemble Bad, tvlarense. 

Two forms of B. bacUliformis are recognized : one is a rod-shaped, slightly 
‘ iirved bacillary organism 2 p long by 0*5 p broad, staining with Bomanowsky 
an intense blue, often in branching forms and in chains, but never crossed ; 
the other is a rounded b<xiy about I p or less in diameter, usually oval or pear- 
‘<hapt»d, and containing chromatin granules. Some occur singly, or end to end, 
m imm or chains. V forms probably represent dividing organisms ; Y shaped 
forms are also not uncommon. They are difficult to distinguish in fresh blood, 
ind show feeble independent mpvement. 

Noguchi regarded Bartonella as a bacillus and succeeded in cultivating it 
*n solid media from specimens of citrated blood sent in “ cold storage ** from 
Mma to New York. The organism grows best at low temperature on blood- 
‘i<ar media. He was so successful in culture of the organisms that he recom- 
mended It in diagnosis as preferable to examimng blood smears. 
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Battistini's method of culture is simple. A small drop of blood from the 
finger of the patient is withdrawn into serum-agar, or Noguchi's leptospira 
m^um. The end is sealed in the flame and the whole placed in the incubator 
at 28^ C. Colonies are visible in 5~6 days. B. baciUiformis is also readily 
Cultivated in the allantoic fluid of the developing chick embryo at 25-28° C. 
The growth is rapid and abundant. The cultivated bodies are 0*6-1 *6 p in 
length. Weinman and Pinkerton (1938) preferred the agar slant method devised 
by Linsser for cultivation of rickettsia. The Bartonella is an obligatory aerobe 
and Gram -negative, but stains well with Giemsa. Intravenous injections of 
cultures into Macaca monkeys produce irregular fever and extreme antemia ; 
the organisms can be demonstrate in the blood -cells. Intradermal injection into 
the sunraorbital tissues gives rise to nodules resembling verruga. In excised 
nodules Bartonella survives for at least fifty-six days at 40° C. Noguchi succeedixl 
in conveying the infection to monkeys by the bites of ticks {Dermacentctr nndetsoni) 
but Townsend in 1913 conjectured that the insect vector was a sandfly {PhlebotO’ 
tnus f?ermcarum). Further evidence incriminating P, noguchii and P, verrucarum 
was obtained by Noguchi and others in 1929, and this was confirmed in 1937 by 
Pinkerton and his colleagues. Insects were collected in a verruga district of Peru 
and sent in sealed glass tubes to New York. They were then ground up in saline 
and the emulsion injected intradermally into monkeys. The only insects which 
showed any evidence of containing bartonella were phlebotomi. 

Hertig conducted transmission experiments in the laboratory with wild- 
caught phlebotomi from endemic zones. Five monkeys bitten by sandflies 
(PMeboiomus verrucarum) became infected with B, badUiJormis, As the result 
of extensive field studies on three species of phlebotomus, conducted for more 
than four years at different places and altitudes in Himac and Santa Eulalia 
Valleys, it now appears that P. verrucarum (not P. noguchii) is thc^ most important 
transmitter. 

Hertig has also described a curious infection of the tip of the proboscis in 
both males and females of Phlebotomus captured in the Peruvian verruga zone. 
From these B, bacUliformie has been recovered by culture and also an unnamed 
micro-organism of similar morphology. The proportion of sandflies so afiected 
may be from 40-60 per cent. In many instances the pharynx of the sandfly 
is also infected. Since this condition hiM been found in male insects which do 
not suck blood, as well as in females which have never had a blood meal, the 
possible relationship to Carrion's disease remains obscure. 

The Neill-Mooser scrotal reaction is produced sometimes by inoculation 
of guinea-pigs with blood of Oroya fever or with cultures of J5. bacilliformis. 
If present, it is weU-marked on the third day. 

The disease is most prevalent from January to April, when the streams 
are in flood, the air hot, still, and moist, malaria epidemic, and insect life 
abundant. 

Pathology. — A remarkable feature of this disease is the rapid and 
extreme blood destruction. In bad cases the blood-count may drop in 
three or four weeks to 600,000 per c.mm., the picture being that of a per- 
nicious ancemia. There is a marked polymorphonuclear leucocytosis 
with disappearance of eosihophils. The red cells are of the megalocytic 
type. 

In addition to the anasmia, marked changes are present in the liver, 
sple^, and bone-marrow. In the liver, areas of degeneration and central 
necrosis are found around the hepatic veins. In the centre of the necrotic 
areas a yellow pigment resembling hamosiderin is present in abundance. 
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The spleen is invariably enlarged, and also contains necrotic areas with 
pigment in the pulp, but the Malpighian bodies themselves are not affected. 
The lymphatic glands contain large macrophage endothelial cells studded 
with rod-shaped bodies. B, baciUiformis occurs in closely-packed masses 
in swollen endothelial cells, especially of the lymphatic glands, spleen, 
liver and intestines. The lesions in the viscera are considered by Strong 
to be due to toxins liberated by the parasite. The bone-marrow shows 
proliferation, necrosis, and marked phagocytosis of the large endothelial 
cells. Noguchi observed in monkeys succumbing to bartonella infection 
the same lesions as have been recognized in man — in the spleen and also in 
the lymphatic glands, endothelial cell hyperplasia ; in the bone-marrow an 
increase of macrophagocytes, and in some instances, normoblasts. 

Symptoms. — The inetibafion period of Oroya fever is about three weeks. 
Its cmset is insidious and is marked by malaise, soon followed by a rapidly 
developing pernicious anaemia and an irregular remittent pyrexia, 
associated with very severe pains in the head, joints, and long bones. 
The bone pains are probably connected with the disturbances in the 
hemopoietic system. Very often the initial fever is like that of a malaria 
infection, and may be the outcome of a double infection in a malarial 
subject. The most severe types resemble fulminating typhus and are 
known as the “ severe fever of Carrion.” The liver and spleen are enlarged 
and tender. The anaemia develops with great rapidity. The death-rate 
varies from 10 to 40 per cent, of those attacked, the end coming within 
two or three weeks of the onset of the disease. A terminal delirimn is 
often noted. In those cases which progress to the verruga stage, the 
fever may last three to four months. 

The Harvard Expedition to Peru in 1937 recognized three types of 
Carrion’s disease. 

(1) the anaemic ; 

(2) the asymptomatic ; and 

(8) the cutaneous, reproduced by inoculation of (a) infected lymph- 
nodules, (b) human verruga tissue, (c) cultures of Bartonella. 

Treatment.— Kikuth produced an arseno-aiitimony compound, Sdt, 
886 B, which is said to have a selective action for Bartonella. The therapeutic 
index is very high and the margin between the dosis tokrala and toxica 
is wide. Manrique reported results in twelve severe cases treated with 
intravenous doses of 0‘l-0*8 grin, repeated two to three times. He 
succeeded in banishing Bartonella from the blood-stream and bringing about 
a rise in the blood-count. A total of up to 5-7 grm, of this drug was injected 
without causing any systemic disturbance. The general opinion of Peruvian 
physiciank is that severe infections are not influenced either by this method 
or by blood transfusion. 

Vbrruoa Peruana Stage (Localized Bartonellosis), or 
Eruptive Stage 

Deflnltioii. — A remarkable granulomatous eruption confined to certain 
parts of Peru, Columbia and Ecuador (Montalv4n and Moral, 1940). It is 
associated with hflsmorrhages, fever and joint pains. The disease was 
known to Pizarro, and is described in Prescott’s ” Conquest of Peru.” 
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Aetiology. — Superficially, the lesions of verruga resemble those of yaws. 

Rocha lima, Mayer, and Werner described chlamydozoa>]ike cell incluaions 
in the verruga nodules and considered them to be the cause of the disease. As 
already related, Noguchi demonstrated bartonella bodies in experimentally- 
produced lesions in monkeys. This work was confirmed* by Mackehenie, 
Weiss. Mayer and Kikuth, who produced nodules in monkeys with human 
material and demonstrated Bartonella bodies within angioblasts or endothelial 
cells. Verruga is therefore a local connective-tissue infection with BartoneUa 
badUiformvt, 

Strong’s experiments on monkeys showed that graduated inoculation 
of verruga material induces an artificial immunity. Verruga can be 
conveyed by inoculation to rabbits and dogs and, according to Townsend, 
occurs as a natural infcH?tion in native Indian dogs. 

Pathology. — Primarily, the pathological changes consist in prolifera- 
tion of the endothelium of the lymphatic channels, which become 
obstructed by plasma-cells and fibroblasts, but the structure is much more 
vascular than that of yaws, which it otherwise resembles. The capillary 
blood-vessels become dilated, so that the granulomatous tumours are 
vascular, almost cavernous, and apt to bleed profusely. A feature of the 
pathological histology is the formation around the blood-vessels of nodules 
of angioblasts characteristic of the disease. In the endothelial cells of 
cutaneous verruga nodules B, baciUiJormis may be seen in considerable 
numbers, but distension of the cells is less than that seen in Oroya fever 
cases (Jiminez and Huddingh). Bartonella bodies may be found in the 
blood-corpuscles after prolonged search (Mayer), but in monkeys, if tht* 
spleen be removed, they multiply exceedingly and produce Oroya fever. 

Symptoms. — The period of incubation subsequent to Oroya fever 
is thirty to forty days, but in those cases in which the initial fever is 
absent it is at least sixty days. Although verruga is usually a sequel of 
acute bartonellosis, it may arise spontaneously and independently of 
Oroya fever. The initial stages are characterized by peculiar rheumatic- 
like pains, together with fever, the pains being apparently like those of 
yaws, only more severe. As in yaws, the constitutional symptoms 
subside on the appearance of the skin lesion. The eruption, like that of 
yaws {see p. 686), may be sparse or abundant, discrete or confluent. As in 
yaws, individual granulomata may fail to erupt ; others may subside 
rapidly ; yet others may continue to increase, and then, after remaining 
stationary for a time, gradually wither, shrink, and drop off without 
leaving a sear. 

The eruption is generally described as of two types, miliary and nodular 
— the former not exceeding the size of a small pea ; the latter, the rarer, 
less numerous, but consisting of much larger nodular masses. The 
miliary eruption, as a rule, is found most abundantly on the face and 
extensor aspect of the extremities, Icms commonly on the trunk (Fig. 89). 
A pink macule first appears, which later darkens and becomes nodular. 
Th^ nodules may be flat or somewhat pedunculated. The verru^ 
artificially produced in monkeys by injection of bartonella bodies is bright 
cheny-pink. 

In yaws we find no mention of fungating granulomata in any situation 
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but the skin. In verruga it seems that these vascular lesions may develop 
on mucous surfaces — in the mouth, oesophagus, stomach, intestine, 
bladder, uterus, and vagina. Hence the dysphagia — a common symptom 
— and occasional hajinatemesis, melsena, haematuria, and bleeding from the 
vagina. Eelapses both of the fever and of the eruption may occur. 

In inoculated monkeys swelling of the lymph-glands is an early and 
constant symptom. 

The nodular eruption is more chronic than the miliary. Individual 
lesions may grow to the size of a pigeon’s egg ; they may become strangu- 
lated, and a source* of danger from hamorrhage. This type does not 
invade the mucous membranes, and is 
usually confined to the regions of the 
knees or elbows. It appears in crops, 
and lasts two or three months. 

In contrast to Oroya fevt*r, the mortal- 
ity from v(*rmga is practically nil. 

Diagnosis. — The appearances of ver- 
ruga are so characteristic that it is hardly 
likely to he mistaken for any other 
disease. Concf*ivably, it may resemble 
the frambopsiform eruj)tion of secondary 
yaws ; it may also Ik* simulated by 
multiple warts, molluscum contagiosum, 
multiple fatty tumours (Dercum's disease) 
and, according to Strong, it is closely 
allied to, if not identical with, Bassewitz's 
angio-tibrorna cutis conscriptuin con- 
tagioHum. Individual tumours may rt*- 
seinble tibro-sjircoina or angioma. The 
Oroya and verruga stage freKjuently co- 
exist. 

Agglutination reaction.— Susixmsions of B. baviUiformis sire obtained 
on media devised by Geiman, Sera from patients were found by Howe 
to agglutinate tlie organisms in litres from 1 : 10 to 1 : 80 in both the 
Oroya fever and verruga stages. A co-agglutination is usually found with 
cultures of Proffii^ 0X19, OXK and OX*. A strong agglutinating serum 
for testing cultures of B. bfuillijorniis has been produced by intravenous 
injection of rabbits with living culture-s. 

Treatment. — Very little is known about the treatment of this con- 
dition. Small doses of salvarsan, 0*2 grin, intravenously, have l)een 
tried with benefit. Intravenous injections of Kikuth’s Sdt. B86B are 
recommended, in doses of ()• 1-0*8 grm. repeated two or three times, 
but Strong was not at all impressed with the results. When individual 
tumours begin to ulcerate, or become gangrenous, they should be excised. 
Dangerous bleeding may occur, and styptics or compresses may be required 
to stay excessive loss of blood. 



Fig. 39.— Verruga peruana. 

( After Odriozola,) 
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THE TYPHUS GROUP OF FEVERS 

Preliminary statement. — Typhus fevers have an almost worldwide 
distribution, do not manifest themselves as one definite entity throughout 
their range, but are divisible into a number of local forms which have 
become stabilized in type. These forms, or varieties, are probably adapted 
to local conditions or in some way connected with those arthropod inter- 
mediary hosts which convey the virus. The student who is interested in 
the romance of this interesting subject should consult Zinsser's Rats, Lice 
and History (1935). 

Classical typhus should be called “ true " or “ exantheioatic typhus " 
and the local varieties should be known by their descriptive pstaidonyms — 
BrilFs disease, Tsutsugamushi, Rocky Mountain spoUtnl fever, Pi^vre 
boutonneuse, etc. 

The following primary classification somewhat clarifies the situation : 

Typhus fevers (Rickettsiasis) 



Epidemic (exanthematic) Non-epidemic typhus 

“ Louse ” typhus | 

Flea (murine) typhus Tick typhus Mite typhus 
(Hriirs disease) | (Tsutsugamushi) 

Rocky Mountain 
spotted fever, 

Bullis fever, 

Fi^vre Boutonneuse, 

South African “tick-bite fever.” 

i£tiology of the group.— Hicketisia are Gram-negative bacteria-like 
bodies, usually less than 0*5 p. in diameter. There are at present six 
named species and several varieties. The organism originally named 
Demiacentroxenus ricketisii by Wolbach, first described by Ricketts (1910), 
and DOW known as Rickettsia rickettsii is the causal agent of Rocky 
Mountain fever. The rickettsia of exanthematic typhus was named 
R. frmazeki by da Rocha-Lima (1916) in honour of two distinguished 
investigators (Ricketts and Prowazek) who both succumbed to the disease. 
Prowaz(*k was the first to recognize the true nature of these organisms. 
Topfer (1916) de^scribtxl rickettsia in lice removinl from patients suffering 
from Volhynian fever (trench fever) and this is now known as B. quimtana 
{R. wlhynica). Sellards (1928) distinguislied the organism of tsutsugamushi 
disease in Japan as R. orienialis. The organism of flea-typhus is R. 
pwwaseki, var mooseri (also R. muricola). The rickettsia of “ Q fever/* 
R. bumdi, a comparatively recent discovery by Burnet and Freeman (1985), 
has a wide range in Australia and in North America, and is of much greater 
importance than was at first realized. The animal reservoir in Australia 
is the bandicoot, and the virus is conveyed to man by ticks. The reservoir 
of infection in America is as yet unknown. 



TYPHUS : i®TIOLOGY 


221 


EickettsifiB are found commonly in the alimentary tract of blood-sucking 
and non-bloodsucking insects but, probably, they were primarily parasitic 
in the cells lining the canal. Thus, R. pediculi is an extracellular organism 
which is an inhabitant of the gut of the louse, is harmless to its host.and also 
to man. In this respect it resembles i?. quintana which develops in the 
same way and place. 

The cycle of devehpmnt of R. prowazeki in the louse consists primarily 
of great multiplication in the midgut, both in the lumen as well as inside 
the epithelial cells, which become distended so that they can easily be 
recognized. After a few days these cells rupture and rickettsisB appear 
in large numbers in the faeces. This rickettsial invasion kills the louse 
in about ton days. The blood of typhus patients is infectious towards 
the louse from early in the disease up to the tenth day — occasionally 
later, even when the patient is afebrile. The disease therefore is conveyed 
to man by louse faeces through abrasions in the skin, or even through the 
conjunctiva : possibly also by inhalation. Louse faeces kept dry at 
room temperature have been proved to be infe^ctive for 66 days. There 
is no hereditary transmission, and louse eggs do not contain the virus. A 
possibility exists that “ clean lice ” may themselves be contaminated 
by the excreta of other typhus-infected individuals. 

R, proivazeki, var. niooseri (R, muricola) is normally transmitted from 
rat to rat by the rat louse {Polyplax) and by fleas. In these insects the 
cycle is similar to that already dt*gcribed in the louse. The species of 
flea mostly concerned is Xenopsylla cheopis, but in this instance the 
infection causes no appreciable harm to the insect host. In the faces 
of the fle4i rickettsi® remain alive and virulent for long periods — tO days 
in the dark and 100 days in mem. Zinsser and other authorities regard 
flea typhus as the original pristine form of human typhus. 

The cycle of development of rickettsi® in ticks follows on much the 
same lines, but is much more widespread. The rickettsi® invade the 
cells and their nuclei and are found in all tissui^s, including the ovaries 
of the female tick, so that the infection is transmitted hereditarily, 
liickettsi® are also found in the salivary glands so that infection is com- 
monly conveyed by the bite of the arthropod. The similarity of the clinical 
aj>pearanc(« of various forms of tick-borne typhus is undoubtedly close in 
widely separated geographical regions. In only one particular can they 
lie said to diflfer—in the absence of a primary lesion in Rocky Mountain 
spotted fever and its presence in other types. 

Zinsser has pointed out the imp6rt.ance of the hereditary factor of 
tick-transmission as indicating a very ancient condition, producing a 
mutual tolerance, so adjusted that neither the well-being of the animal 
reservoir or of the tick intermediary is impaired. 

The mode of transmission of the rickettsia virus from animals to man, 

from man to man, and the relationship of the various forms of typhus 
to one another can be expressed as follows : 
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Kpidemic exanthematic typhus . . Man — Louse — Man. 

Murine l^hus (BrUl’s Disease) . . Rat | Rat Flea 1 ^ . 

1 Rat Louse 
Rat — Flea — Man. 

Rat — ^Flea — ^Man — Louse — Man (Prob- 
ably) 

Tsutsugamushi (Mite Typhus) . . . . Rat or Field Mouse — Mite — Man. 

Spotted Fever Types (Rocky Mountain Rodents (Gk>pher) — Tick — Tick — Man 
Spotted Fever). Tick Typhus." 

Fiivre Boutonneuse. S. African tick-bite . 

fever . . . . . . . . . . i Dog — Tick — Tick — Man. 

Q Fever Bandicoot — Tick — Tick — Man. 



Fig. 49, — Rickettsia prawazeki, rar. mooseri. 

Tunkai vAgioaliA ot eoliieii-pig infected with mnrino typbos from wild rmts. 
Pjrtepliunnic rtckettste inTading a mononuckar <wtt Okmsa ftaln. 
Approx. X 4,000 (Anigstdn and Bader. Oalriwton, Texae). 


method, and blue with Caataheda'8 stain (Pig. 40). None of the species 
can readily bp cultivated on solid media (p. 228). Practically pure strains 
of B. prowazeki are obtained by intrarectal injection of lice with infected 
material, as practised Weigl, but attempts to culture them from human 
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tissues has so far been unsuccessful. All rickettsias grow readily on the 
chorio-allantoic membrane of the developing chick, and Gispen (1941) has 
shown that ducks’ eggs are most suitable. The virus does not cause death 
of the embryo though the rickettsise produce big, round, prominent foci 
five days after inoculation and develop completely in 7-8 days. They 
grow in tissue cultures and in Maitland medium of minced chicken embryo 
in a mixture of guinea-pig or rabbit serum and Tyrode solution. 

In all laboratories in which work is done with typhus rickettsiae all 
workers are liable to attack, in spite of previous inoculation, so that vaccine 
cannot completely protect against the infection by the respiratory route 
that occurs in these cases, though it greatly reduces the severity of the 
attack. 

Such an outbreak has now been reported in London by Van den Ende and 
others. Eleven cases could be attributed to inhalation of infective droplets 
during intranasal innoculation of mice under ether anaesthesia. In the remain- 
ing cases dust may have been the source of infection. 

The metabolism of rickettsiee differs from that of pathogenic bacteria in 
the fact that multiplication depends on the presence of living tissue. In 
this respect they resemble the true vinises. With the exception of B. 
Immeti, the agent of Q fever, all pathogenic rickettsiae are non-filterable. 
On these characteristics we are justifitnl in placing rickettsiae as intermediate 
between bacteria and true virust»s. 

Pinkerton has pointed out that the two main forms of typhus — the 
louse-borne and the tick-home, may be differentiated by cellular reactions. 

Kxanthematic typhus, conveyed by lice and fleas, usually during the 
winter months, is characterized by invasion of the endothelium and 
mesotheiium by rickettsieB. producing distension of the cytoplasm of the 
host cells without affecting the nuclei, while in guinea-pigs it causes 
proliferative endangitis without thrombonecrosis. Li typhus-infected 
lice and rtt^as rickettsiai are intracytoplasmic, inhabiting the lining cells of 
the gut, and not herwlitarily transmitted. 

The spotted ^ei>er group, conveyed by ticks, is characterized by thrombo- 
iu*cro8is of arterioles and venules. The rickettsi® iy human tissues 
iiivade smooth muscle cells, endothelium, mesotheiium and histiocytes. 
In iissiie-cMliures a massive infection of the nuclei takes place. In infected 
ticks the organisms are intranuclear as well as intracytoplasmic, invading 
nearly all types of tissue, and are hereditarily transmitted. These are 
suggestive distinctions. 

Differential reactions. — The NeUl-Mooser reaction is a distinctive 
reaction in guinea-pigs inoculated with typhus blood. A redness and 
swelling of the scrotum appears, and typical typhus lesions are found in the 
scrotal vessels, mostly in the endothelial lining of the tunica vaginalis ; 
swollen cells packed with rickettsisB are seen in sections. Some strains, 
notably R. ricketlsih give this reaction more strongly than others ; it is 
also present in about 70 per cent, of exanthematic typhus and nearly 
always in the murine type. Raynal and Fournier have pointed out that a 
somewhat similar orchitic reaction may be caused by BacL paratyphosus B., 
and also by Spirillum minus, but the reaction occurs later, is harder and 
lasts longer. 
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Agglutination Reactions as a Means op Differentiation 

Serological division of the typhus fevers has been rendered possible 
by the introduction of the Weil-Felix reaction. This agglutination with 
cultures of Proteus vulgaris has been estabhshed since 1916. The original 
strain was known as XI 9 ; since then variants have been introduced 
which give different reactions with different varieties of the typhus group, 
e.g., XK (K for Kingsbury) X,, Xg. On the whole, X19 is distinctive 
for exanthematic and murine typhus, XK for the mite-bome form ; the 
others are indeterminate. It must, however, be remembered that, as the 
basis of this test is not yet understood, the exact implication of the results 
is insecure. (The agglutinins are present only in the human subject ; they 
are not found in rick ettsia-infec ted guinea-pigs.) 0 variants of the culture 
are used for agglutination — hence the prefix (e.g. 0X19). 

For the purpose of this test a drop of patient's serum is placed on a glass 
slide, mixed with a drop of blue (methylene blue)>tinted suspension of Proteus 
0X19 or other strain suitably diluted. When the reaction is positive, blue 
clumps appear within one or two minutes and are easily visible to the naked 
eye. Dried whole blood may also be used and, when subsequently extracted 
with normal saline, retains its agglutinating powers. The dry -drop blood tests 
can be carried out within a few minutes under primitive conditions. 

The classification of the typhus group on the basis of host vectors has 
been adopted as a measure of convenience, but Felix asserted that 
satisfactory classification should be based solely upon the antigenic type 
of the corresponding rickettsi© upon which immunity and immunological 
reactions depend. This can, however, not be accompUshed until antigenic 
analysis of the various typhus rickettsi© has l^n undertaken. R, 
^prowazeki possesses a heat-labile as well as a heat-stable antigen, the 
latter being common to /?. prowazeki as well as to Proteus 0X19 and, 
further, this 0 antigenic compound is alkali-stable. The antigenic 
structure of the rickettsi® of other types has not yet been studied owing 
to the difficulty of obtaining pure suspensions. This has now been over- 
come by the discovery by Cox and Castaneda of methods of growing these 
organisms in thp yolk sac of the developing chick and in the lungs of 
infected mice and rats. 

So far, the serology of the typhus group has been based on the antigenic 
relationship between the rickettsi© of the different varieties of the disease 
and corresponding serological varieties of Proteus X (0X19, OX* and 
OXX), which has led to the subdivision of the typhus group into three 
immunological subgroups. Felix has further demonstrated that parts 
played by the two rickettsial antigens in typhus immunity are similar 
to those played by the Vi and 0 antigens in immunity to typhoid fever. 

I. EPIDEMIC OR EXANTHEMATIC TYPHUS 

Synanym. — True or classical typhus ; Tabardillo = Burning Fever 
(Mexico). 

Defl^tioii *^ — An acute fever, louse-borne, abrupt in onset, lasting about 
fourteen days and, if not fatal, terminating by crisis about that time. 
The pyrexia is remittent. On or about the fifth day there appears a 
roseola eruption tending to peteehi®, spreading from the abdomen 
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over the trunk and extremities. As was stressed by Zinsser and Mac- 
Arthur, typhus must be considered the most important disease in history. 

Geographical distribution and epidemiology. — Epidemic typhus 
has an almost worldwide distribution. It is especially common on the 
Eastern Marches of Poland, North-West Soviet Russia and the Ukraine. 
Tarasevitch estimated that between 1917 and 1923 there were over thirty 
million cases with over three million deaths within the confines of European 
Russia. It is commonly encountered on the North-West frontier of 
India, Northern Africa, Belgian Congo (Pergher and Casier), in Cochin 
China (Lupine) as well as in Central China, South China, Korea and Man- 
churia, There are also records from Sumatra, the Philippine Islands, X.E. 
AustraUa and Northern Gold Coast. It is common also in Japan, Mexico 
and Abyssinia, and was fonnerly frequent in Ireland and England. 

In 1942 there was a hmited epidemic, the first for many years, in Galway, 
W. Ireland. Serological tests indicated that it belonged to the epidemic 
serological type (Stuart-Harris and others). 

In 1932 there was a big outbreak in Uganda, especially in districts of 
over 5,000 feet altitude. Similar occurrences have been reported in the 
Himalayas and Afghanistan. 

There was a new wave in 1938 in Egypt and Chile, in 1934 in South 
Africa, in the Soviet Union, Rumania, Poland, Yugoslavia, Portugal and 
Hawaii. There has been no epidemic of importance in the United States 
of America in recent years. Typhus is most frequent in winter and spring 
mot) tbs when heavy clothing alTords an opportunity for 1 ice-breeding. 

^Etiology. — Hicketfsia jmrtcazeki, the sptHjific virus, is conveyed by 
th(* louse {Pedicidus hunianm, var. corporis and capitis) ; in the blood it 
is filtrable and infective for monkeys and guinea-pigs as the rickettsi® 
are present in the blood-plasma, especially in the blood-platelets, during 
the first five days. A developmental cycle of the rickettsia takes place in the 
intestinal tract of the louse (see p. 221). Infection is conveyed through the 
louse fa»ces, which are inoculated by scratching. Liiffler and Mooser (1942) 
showed that head-lice play an important part in transmission. 

Typhus blood waa found infective for guinea-pigs and monkeys by Ricketts, 
Nieolie and Anderson ; later Wolbach, Todd, Palfrey and Pinkerton (1920-22) 
found intercellular E. prowazeki in lice in Poland. Nicolle, Conte and Conseil 
proved by experiment that the chimpanxee can be infected by lice. 

So many physicians died of typhus during the 1914-1918 war and so 
many contracted the disease that other methods of tranJiraission than 
by lice were suggested and it is probable (as accepted in the present 
conflict) that the virus may also be conveyed by droplet infection. There 
are German reports that infection has been acquired by medical men 
while taking blood for the Weil-Felix reaction. Typhus has also been 
conveyed by blood transfusion when the donor happened to be in the 
incubation period of the disease, 

Pathology.-~The rash is usually visible after death. There are 
htemorrhages of the coi\junctiva and, usually, areas of skin necrosis and 
gangrene. The blood is particularly dark and does not clot. The kidneys 
and liver show cloudy swelling. The spleen is usually moderately enlarged, 
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with hyperplasia of the lymph follicles ; the substance is soft and diffluent. 
Bronchial catarrh is usually present, with hypostatic pulmonary congestion . 

The eruption is due to proliferation of the endothelium and localized 
necrosis of the walls of the smaller' blood vessels, with local collections 
of lymphocytes and plasma cells in the adventitia. These are the “ typhus 



Rg. 41.— Typhof nodule. Section of arteriole of ikin fhowing attached 
nmral thromhus, composed almost wholly of phagoc^c endothelial 
cells, with early proliferative perivascular reaction. 

(After WdUmch and Todd) 

nodules” which resemble miliary tubercles, and were first described 
by Frssnkel ^d subsequently by Aschoff, Wolbach and others. Tliey 
are characteristic, and are found in the vesseb of the skin, myocardium, 
brain and viscera (Fig. 41). The essential lesion is due to ph^ocytosis by 
cells of vascular endothelium, followed by necrosis of cells which enclose 
rickettsiae and their toxins. Lesions in the brain, resembling miliary 
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tubercles, are found especially in the basal ganglia, medulla and cerebral 
cortex. 

The red marrow becomes hyperplastic and is converted into yellow 
marrow, though there is little increase in the myeloid elements. 

Symptoms. — It has been said that the more clinicians see of typhus the 
more varied becomes the clinical picture. 

The incubatwn period varies between five and twenty-three days, the 
average being twelve. The period of onset lasts about two days, during 
which the patient has rigors, headaches, pains in back and limbs, nausea 
and giddiness. Vomiting is frequent. Occasionally, fulminant cases 
(typhm siderans), with general convulsions and delirium, are met. On 
the third day the temperature rises suddenly to 108° or 104° F., and 
the face becomes congested, with general suffusion of the eyes. The 
headache is very severe (German — Kopfmhkrankheit) and wdth it goes a 
peculiar stuporose, drunken look not seen in any other disease except, 



perhaps, plague. The patient is drowsy, often delirious, usually with 
insomnia (Chart 12). 

The mouth is foul, the tongue coated with a dense brown fur, the breath 
offensive. Epistaxis is frequent in the early stages and vomiting may 
be distressing. For twelve to fourtetm days the temperature remains 
raised with slight, sometimes scarcely perceptible, morning remissions. 
The urine is concentrated, offensive, with a cloud of albumin, and urea 
and chlorides initially increased in amount. In severe cases there is often 
haBinaturia. The spleen is usually enlarged and palpable. German 
observers lay great stress on the changes in the cardio- vascular system, 
especially the low systolic and diastolic blood pressure. 

The rash, so characteristic of typhus, may appear as early as the third 
day, but more usually on the fifth or sixth, upon the abdomen, inner 
aspect of the arms, spreading over the chest, back and trunk, usually 
pleomorphic, and only involving the face in severe cases. It may be 
absent in about 10 per cent. The term “ mulberry rash ** is usually 
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employed to describe it, but it essentially consists of roseolar macules, with 
fine, irregular dusky mottling underlying the epidermis, best described in 
the words of Murchison as “ suhcutimdar mottling,"* Usually it becomes 
petechial and may then be seen especially on the hands and soles of the feet 
(Pig. 42). 

Rarely, it is bright red, instead of a mingling of copper and purple ; 
sometimes, too, it may be h»morrhagic. Papular spots are commonly 
encountered and may be circular or indefinite, but when petechial they 
may closely resemble, flea bites. The rash fades very slowly and may 



42.— Typlws ratli In §€cmiA week, tbowhif typical dlitrlkiitlon. Tlie dark colanred 
mm are pdechlal ; the fighter celanred, lesi dlKrete areas dleaMear an pressure. 

(After Wolhaeh and Todd.) 

remain visible for ten days. A fine brawny desquamation towards the 
end of the third week has been described ; it sometimes occurs on the soles 
of the feet. 

In dark-skinned natives the typhus rash is necessarily very difficult 
to discern. To make the snb<mticular mottling visible, a thorough 
cleansing of the skin and a good light are necessary. Cemgestion of 
the upper arms by a tourniquet, such as the band of a blood-pressure 
apparatus, usually renders the petechif more easily visible. method 
has also been practised with success m the early diag^om of Ihe typhus 
rash in Europeans. In naUves the rash is usually more pronounced 
around the ambilicus. 
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On the appearance of the rash there are usually signs of bronchitis 
and in severe cases often icterus ; prostration and cardiac weakness become 
more pronounced ; and with increase of the mental lethargy the patient 
sinks into the “ typhus state/’ The expression becomes dull and vacant, 
the face flushed, with a peculiar earthy hue (Jades typlwsa). Cerebration 
is slow ; the hands and tongue become tremulous and the patient becomes 
more difficult to nurse. The skin at this stage sometimes emits an odour 
which has been compared to that of “ gun- washings,” or that emanating 
from a cupboard containing well-blackened boots. 

During the second week a low muttering delirium usually supervenes. 
Meningism is not uncommon. The secretion of urine may then Vk* 
diminished or even suppressed. Often symptoms of cortical irritation, 
such as muscular twitchings, and incontinence of urine and fasces may 
be observed. The cerebro-spinal fluid is under pressure and there is 
usually an incrmse in the cell content. The patienj^ is generally deaf. 

In severe cases the pupils become pinpoint and the eyes ” ferrety.” 
As the fourteenth day approaches, signs of improvement may set in and 
the temperature falls by crisis, or sometimes by rapid lysis. Death 
generally occurs on the twelfth or fourteenth day, or it may be later, 
when the temperature is subnormal, from (‘xhaustion or cardiac failure. 
The bl(K)d picture usually shows nothing vexy definite, but a moderate 
leucocytosis of 12,000 to 15,000 per c.min., mostly large mononuclear cells, 
is usual. The blfX)d is concentrated so that the htemoglobin and red blood 
count are abnormally high. 

Amongst native populations terrible complications due to sepsis and 
neglect may ensue. Terminal bronchopneumonia is common. The patients 
become extremely (unaciated. Implication of the central nervous system is 
frequent, such as ataxia, violent tremors, mania or dementia. Hemiplegia 
or parasis of the limbs due to t^’^phus nodules in the brain has be(m reported. 
Parotitis and noma are frequent. Abortion in pregnant women is common. 
Constipation rath(*r than diarrhaea is the rule. The mouth becomes 
very foul, with the lips and teeth covered with sordes. Bedsores are 
frequcmt. Thrombosis of the femoral vein is not uncommon, while gangrene 
of th(^ extremities, especially of the tcx^, due to arterial thrombosis, is 
friHjuently seen in wartime epidemics. One of the most distressing features 
is gangrene of the lung as a termination of typhus broncho-pneumonia. 
M(*ntal symptoms are among the most important sequelae. Recently it 
has Inxm suggest^xl that juvenile thrombo-angiitis obliterans (Bfirgher’s 
<lisease) may l>e due to antecedent typhus. 

Relapsing fever and t3rphu8 frequently co-exist and this superadded 
infijction is serious. Mild forms of typhus, lasting some ten dajrs, are 
frequently seen in children, but it is usually the very young and the aged 
who most readily succumb. Aberrant forms of typhus fever without a 
rash may be encountered towards the end of an outbreak when immunity 
is high. 

Convalesence is usually slow and prolonged, and during this period 
great care should be taken not to excite the heart. Snapper pointed 
<»ut that thrombocytopenia is not infrequent in typhus and some cases, 
‘‘ven after the typhus infection is over, show a typical anaphylactoid 
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and sometimes even a thrombocytopenic purpura. Loss of hair on the head 
and legs is said to be common. 

Most deaths occur between the eleventh and seventeenth days ; the 
former date is said to be specially critical. The case mortality is negligible 
in children. It is 10-15 per cent, up to the age of forty, but 50 per cent, 
at fifty ; over that €tge few survive. Relapses of typhus have been 
recorded. It appears that epidemic typhus has become so solidly established 
in man that some individuals, who have recovered from the first attack, 
retain the virus in their bodies and may develop a second, many years 
after the first, at a time when the bodily resistance is depressed. 

Immunity. — On recovery from an attack of typhus the immunity is 
complete for a considerable time, but this gradually wears off. Apparent 
or mild attacks in persons with partial immunity are believed to constitute 
an important source of infection. 

Diagnosis. — Conditions which may simulate typhus are readily differen- 
tiated by laboratory methods. As has already been noted, the rashes 
of other members of the typhus group closely simulate that of exanthe- 
matic typhus and can be distinguished with difficulty. Stre.ss is laid on 
the rarity of rash on the face and the fact that it doe.s not come out in 
crops. The “ tongue sign ”, first dcjscribed by Okuniewski, is said to be 
veiy helpful in bt*d-8ide diagnosis. The patient is unable to protrude 
the tongue when ordered to do so ; this is attributed to perivascular 
infiltration in the region of the nucleus of the hypoglo.ssal ner\'e. 

The WeU-Felix reaction in high dilution is diagnostic, but false positive 
reactions may occur in infwtive hepatitis, enteric, trench and undulant 
fevers. The litre of agglutination rapidly rises to 1 in 500 towards the 
end of the fever. During convalescence it remaiits about 1 in 56-1 in 
100 for weeks and even months. A reliable strain of Proteus 0X19, as 
from the Oxford Standards Laboratory, should be employed. 

In the course of the present war the Germans have produced a rapid 
method of diagnosis in ampoules of dried Proietis 0X19, each containing 
enough for twenty tests. The contents are thoroughly mixed with 
vigorous shaking in 2 c.c. sterile salt solution to which sodium citrate 
hcM been added to prevent clotting. A drop of blood is placed on a glass 
slide and when a similar quantity of the diagnostic suspension is mingled 
with it agglutination is seen. 

Dried blood in thick drops on a slide has been employed in the field. 
Three drops run together should fonn a round smear about 1 cm. in 
diameter. Emulsion is then made by rubbing up with a blue-stained 
suspension of Proteus 0X19 or what is known as the “ Tr. B.A. test.” In 
positive reactions the bacteria form clumps and blood corpuscles run 
together. Immediate clumping is t^quivalent to the customary Weil-Felix 
reaction in a Hire of 1 in 8200 or over. (Killed Protem 0X19 in suspensions 
to which alcohol has been added keep for several months.) Anamnestic 
reactions to Proteus 0X19 result from previous attacks of typhus. When 
these can be excluded, Weil-Felix litres of 1 in 200 are diagnostic and a 
tiire of 1 in 100 suggestive. Repeated tests are the best means of excluding 
fallaeias. The frequent co-agglutination of typhoid bacilli by sera of 
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persons who give a positive Weil-Felix reaction is due to anamnestic increase 
in agglutinins owing to previous infections. 

Agglutination with suspensions of rickettsias grown on yolk-sac embryo 
is now being tried out in America. Probably by this method response 
appears earlier than in the Weil-Felix test and may be more reliable. 

A pseudo-positive Wassermann reaction is frequently given by the 
blood before the crisis. On the same lines is the recently devised comple- 
ment-fixation reaction of Bengtson and Topping, but this probably becomes 
positive later in the disease than the Weil-Felix. 

The virus may be isolated from the blood at the height of the fever by 
inoculating 2-5 c.c. intraperitoneally into guinea-pigs and subsequently 
d<*rnon8trating rickettsisp in the tunica vaginalis. Gear and Davis recently 
showed that South African gerbilles (Tatera hrantM and T. qfra) are specially 
susceptible to typhus and die with heavy infection of the peritoneum. 
Exposure of these animals to X-rays definitely lowers their resistance. 

Skin biopsy for the identification of the rash has been proved particularly 
useful. Swtions show the typical lesions resembling periarteritis nodosa. 
The petechia* on the skin are due to thrombosis of the smaller vessels. 

An intraderm'll test was introduced by (4iroud (1938). The patient’s 
serum is mixed with a definite quantity of rickettsise (emulsion of the 
tunica of a guinea-pig infected with the murine strain). The emulsion 
is injected into the skin on the inner surface of the thigh of a rabbit. 
Normal serum is used as a control. If the patient has, or has had, typhus 
no reaction appears, but in the controls it is markcnl. 

Differential diagnosis. — Tliis has chietly to be made from typhoid 
and is based upon the onset and course of the temperature curve and 
iri the character of skin emption. In typhus the temperature climbs 
quickly to a liigh level where it remains, in place of the slower escalator 
rise of typhoid fever. There is, mor(H>ver. a mild leucopenia in typhoid ; 
a nuld leucocytoais in ty[)hi^. The diffuse roseolar rash of paratyphoid 
(especially paratyphoid A) may sometimes resemble that of typhus, but 
nervous signs and symptoms are k»s8 severe, and roseola of palms of hands 
and 8ol(*s of fe<^t is not found in typhoid as in typhus. 

The differential diagnosis from septic rnenmgitis with skin eruptions 
may Ik» difficult, and detenninable only by examination of the cerebro- 
spinal fluid and by the Weil-Felix reaction. Differential diagnosis has 
also to hei made from measles, especially the malignant form commonly 
observiMl in native races. In this case Koplik’s spots are. of assistance ; 
moreover, in measles the rash is brighter, its edges are definitely more 
marked and it is more profuse on the face, hi the tropics, dengue, 
^•specially in the initial stages, may prove difficult, but the patient is 
nt‘ver so ill, nor is suffusion of the face so marked. In severe smallpox 
the initial scarlatiniform rash may b<^ confusing, but characteristic small- 
pox lesions are seen first on the face. Cerebro-spinal fever, purpura and 
^'lapsing fever have to be considered ; the latter is frequently found in 
combination with typhus. 

Treatment. — Up to the present no specific drug treatment of typhus 
has lieen introduced. Therefore special attention must be paid to details 
of nursing and to the hygiene of the mouth. The recumbent position is 
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essential) and every precaution should be taken against bedsores. It is 
important that the patient should have as much fresh air as possible. It is 
customary to give stimulants, the most favoured being port wine — about 
eight ounces in twenty-four hours being sufficient. 

Cardiac stimulants are indicated, such as tincture of digitalis, digitalin 
(gr. or digitoxin (digitaline crystallis^e gr. l/lOO). Strychnine, gr. 
yV is also a go^ stimulant. Lumbar puncture should be employed to 
relieve delirium and other cerebral symptoms, for, as a rule, the cerebro- 
spinal fluid is under pressure. Plenty of fluids should be given and the 
diet should be as nutritious and easily digestible as possible. 

Hopes were entertained at one time that convalescent human typhus 
serum, injected in suitable amounts, might modify the disease. The 
results have not beea encouraging. In Tunis, benefit has been claimed 
from injection of serum from a horse* immunized with living rickettsia? 
from infected mouse lung, but it is clear that none of the sera hitherto 
employed contain antibo(hes corresponding to the heat-labile and heat- 
stable rickettsial antigens (Felix). Felix is at present experimenting 
with serum from animals inoculated with Proieus, 

For toxasmia, injections of subcutaneous sal ne or glucosf* solution with 
twenty to forty drops of 1 in 1000 adrenalin, up to a total of 500 1000 c.c. 
daily, support the patient and relieve dryness of the throat and lips. 
For hyperpyrexia tepid baths are indicated. Chloral hydrate in doses 
of half to one drachm is the best drug for relieving headache and insomnia. 
During convalescence preparations of iron, arsenic, and glycerophosphab^ 
are employed. 

Italian workers have suggested that vitamin C has an influence on the 
hsBmorrhagic syjnptoms of the disease, and inject ascorbic acid (0*25 grin.) 
intravenously three or four times daily. Sulphonamidt>s, especially 
sulphapyridine, have been used recently in the treatment of typhus in 
Warsaw, especially for its complications, of which the most dangerous 
is pneumonia, due to secondary pneumococcal infection. The general 
impression has been favourable in so far as th(w drugs tend to prevent 
pneumonia. There is, however, no evidence that they influence the 
typhus infection itself. 

Scheller, in the treatment of typhus in the present w^ar, has used chini- 
fortan, a combination of quinine and sulphonamide, 2 c.c. twice daily 
intravenously with 2 tablets by the mouth, continued to the end of the 
fever. The total daily dose is 1*05 gnn. of quinine and 2*1 grm. of 
sulphonamide. Atebrin (mepaerine hydrochloride) followed by plas- 
moquine has l^n given, purely empirically, by the Germans (Van Meeren- 
donk, 1942) in Russia during the present war. The duration of fever is 
said to be reduced by several days and the general course of the attack 
becomes less severe. Where no striking response is obtained there is 
nearly alwajrs complicating bronchopneumonia. 

Prophylaxis.— The quarantine period of typhus is fifteen days. The 
main prophylactic measures consist almost exclusively in the destruction 

. * tn (iSH) reported fevoarab}/ on an artruin pittpuretl by Inlectlns 

bonw ^ iirlng rkke€t$kp from Ike intMtioe. The do« k »0 cx*. attbcuUneoiMly, twfcse on the Swt 
dmyod once on three mcoeeding days, up lo 100 c,c. The mortality cd the t««atad group wtm »'fi p«r 
oeai., conparod with 10*0 per oeiit. In cootrok. 
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of lice. The body should be shaved, including the pubes and axillae, 
the hair of the head cropped and a cresol bath taken. The underclothing 
should be smeared with a preparation of naphthalene and soft soap and, 
whenever possible, all clothing, including blankets and bed clothes, should 
be disinfected by heat. Buxton states that lice and eggs are killed in 
45 minutes at 60° C., and in 6 minutes at 64° C. It is essential to make 
sure that all parts of the garments are subjected to heat, and this is 
especially important when steam is used. Steam admitted to the bottom 
of a chamber and escaping from the top may follow certain paths only 
and leave parts of the clothing untreated. It is wise therefore to admit 
steam to the top of the chamber and force it to escape from the bottom ; 
it then permeates to all parts. Busvine proved that spray ng clothes with 
lethane 884 is efftK^tive. The liquid is applied by a hand sprayer and 
2-4 c.c. is enough for each garment. Lethane must not come into direct 
contact with the skin. Disinfestation of clothes on a large scale is carried 
out on railway luggage vans by closing the doors and turning on super- 
heated steam from the engine. Soaking clothes for several hours in 2 per 
cent, lysol, or dettol, destroys the pe<iiculi and their eggs, 

A potent insecticidal powder (A.L.63) for use in clothing has recently 
been prepared, and, when applied to body belts, has proved very effective 
in the present war. A great advance has been made by the use of the 
insecticide dichlordiphenyl trichlorethane (D.D.T.), which is the active 
ingredient of the U.S, Army loust* powder.^ It was first synthesized in 
1874 and cov(*red by patents taken out in Britain by the Swiss firm of 
Geigy A.G, In powder fonn it is diluted with an inert dust, bentonite, 
and can lx* made up in emulsion for spraying. It is lethal to all insects, 
including lict* and bugs, and remains effective in clothing after frequent . 
washings. This setmis a really important discovery. It is quite harmless 
to man. 

Prophylactic inoculation. — Several methods of active immunization 
against louse-bonie typhus are in use in various parts of the world {see 
p. 260). 

II. MURIXE TYPHUS^FLEA TYPHUS 

Synonyms. Endemic typhus — Brill’s Disease. 

Geographical distribution and epidemiology .—This is worldwide, 
esj)ecially in Mexico, North America and Palestine. Typhus-infected 
rats have bwn found in the Mediterranean basin, Syria, Greece, Toulon 
and North Africa. The seasonal incidence retnains constant ; the majority 
of cases occur in summer and autumn. The incidence is twice as high 
in males as in females' and the negro is less susceptible than the European. 
In West Africa this form has been found not uncommonly where it had not 
previously been suspected. 

History. — Described originally in 1898 by BriU amongst the Jewish population 
of New York, this was originally regarded as a particularly mild or lar^ form 
of exanthematic typhus. infection was brought by immigrants from the 

' D.n.T inAwhltA oryiitiUtiiMi iM>wa«tr, iuaoltibte lu wat«r, ramarkably tolubte In paraffin and fairly 
soiublf) iu vfiiintabb} oUa. r» utabla to Mtnliffbt and practically uon-Tolatilc. It should not be Inbiiled, 
skives muat be worn and precautions taken to avcsd spraying food. Delcnuiing is best ofPscted by 
«(pmying tip the trousers agd sleeves, down the neck and round the waist, lu value in combating 
typhus was decnonitnited in the Kapies outbreak in 1S4€. 
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typhus regions of South-Eastern Europe, so that 90 per oent. of oases occurred 
■ in foreign-bom peoples. It soon became apparent that it was sporadic, not 
carried by liee or spread in the manner peculiar to louse-bome typhus. 

^Etiology. — NicoUe in Tunis and Zinsser in America took the view 
that murine typhus is the more primitive disease. It is clear that it 
is not spread from man to man, but from rat to man, the brown rat, Ratius 
norvegicus, being mainly concerned. They think that the infection may 
overflow to man, generally producing isolated cases without further man- 
to-man spread. According to an evolutionary point of view, this infection 
has undergone two mutations, by changing both its vertebrate and in- 
vertebrate host. In Mexico a type of typhus exists iii rodents and man which 
may be regarded as intermediate between the murine and exanthematic 
types. It is also true that many species of rickettsia are unstable. The 
more recent origin of epidemic typhus is indicated by the fact that R. 
prowazeki var. mooseri is harmless to the flea, while R, prmvdzeki causes 
death of the louse, to which it may be regarded as less adapted. It there- 
fore appears probable that the endemic form may be easily converted into 
the epidemic, and that typhus infection may be maintained in the inter- 
epidemic period by rats. Thus, Raynal, Fournier and Volliot (1989) have 
adduced evidence in Shanghai that, under certain conditions, th(‘ rat virus 
can be converted from the rat-flea-rat cycle into the man-louse^man cycle. 

On epidemiological grounds the association of endemic typhus with rats and 
grain stores was first suggested by Hone (1922) in Australia and subsequently 
by Maxcy (1926) in America ; in 1931 proof was provided by Mooser, Dyer and 
his colleagues that the rat was the reservoir, and that rat fleas {Xenop»yUa 
cheopis and X. ostia) were carriers of the virus. Under normal conditions the 
infection is spread fimm rat to rat by the rat-louse (Polyplax itpinulosa). Rats 
{R, norvegtctts) collected from areas where numerous cases of endemic typhus had 
occurred r were chloroformed, then fleas collected, emulsified and inject^ intra- 
peritoneally into guinea-pigs. After four days" incubation period these reacted 
with fever and swelling of the testes (NeiU-Mooser reaction). 

In the same year Mooser, Castaneda and Zinsser in Mexico demonstrated 
endemic typhus virus by injecting guinea-pigs with a brain emulsion of rats 
caught in the endemic area. Dyer and his colleagues then demonstrated that 
X. cheopi$ became infected when fed upon infected rats and could convey 
ty]^us to other rats. 

Zinsser subseqnently showed that the exanthematic, or hnman, virus and 
the rat virus lure two varieties of the same species, resembling each other in 
their antigenic properties, but noi identical. Neither he nor Mooser oouM 
permanently transform the hnman virus into the rat virus. Thus, Zinsser and 
GSastafieda found that formalin -killed murine typhus ricketteiie conferred a higher 
degree of immunity against a homologous virus than against exanthematic typhus 

General ccmslderations. — It may well be asked why does not endemic 
typhus spread like plague, considering the close connection between rat 
and man ? The ai^CT is partly that X. cheopis in endemic typhus is 
not nearly so heavily in/ecied as fleas in plague or as lice in epidemic 
typhus. The difference in the vectors of exanthematic and endemic typhus 
al^ accounts for the fact that exanthematic typhus is a disease of the 
udnter months and of crowded insanitary peoples, whereas endemic typhus 
is a disease of warm weather* not associated with crowded humanity, 
but with the presence of rats. Other forms of typhus resembUng BrilTs 
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disease have been described from Australia, North and South Africa, 
whilst ship-fever of Toulon {fi^vre naiUique) is a local form ; other varieties 
may be those forms of trench fever with a rash, and also the urban (W) 
form of tropical typhus described by Fletcher and his colleaf^ues in Malaya 
with a tendency to spread amongst those engaged in handling grain. 

Zinsser (1984) and Plotz (1948) think that the disease described by 
Brill is recrudescence or relapse of epidemic typhus, but that endemic 
typhus in the South United States and Mexico is murine tyfhus. In the 
former the reservoir of the virus is man. These views *have received 
support from the new complement-fixation technique with rickettsial 
antigens. 

Symptoms. — The symptoms resemble those of exanthematic typhus, 
but are much milder in every respect. The mortality rate is very small 
(about 1*6 per cent). 

Dia^osis, differential diagnosis and treatment are identical, but 
Bengston and Topping in America showed that the agglutination test with 
rickettsial susptmsions should clt‘arly differentiate between murine typhus 
and Rocky Mountain fever. 

III. TRENCH FEVER (FIVE-DAY FEVER, VOLHYNIAN FEVER) 

Definition. — This curious fever played a promiiu*nt part in the medical 
history of the 1914"'1918 war on the Western (French) front, especiaUy 
amongst the troops and to a lesser extent amongst civilians. It also 
occurred in ]\)land, Russia, Northern Italy and Macedonia. Until the 
present war it was not encountered after 1918 under natural conditions, 
though a fever resembling it appeared amongst laboratory workers in 
Weigl’s laboratory, W'ho had been fetHiing lice on their bodies (Herzig, 
1989). The (termans have rtwntly reported it on the Russian front. 

Its asstKuation with rickettsia? and its transmission through the louse 
are claims for its inclusion within the typhus group. Trench fever is 
characterized by an initial febrile period, a tendency to relapse, periodic 
pyn*xia and hypenesthesia of the shins. 

Geographical distribution. — Possibly it may be identical with 
“ Volhynian fever,*’ known to Polish physicians for some years before 
1914. It was first recognized as a spmfic entity during 1915, when it 
appeared in all the European theatres of war, and no k»ss than 800,000 
cases were rmignized in the Allied Forces in France, with isolated instances 
notitiwl from Italy, Greece, Egypt, Iraq and Russia. 

Epidemiology .r~Treneh fever is transmitted by lice alone, and the 
blood of the patient remains inf(M?tive to these insects for long periods. 
These factors suggest that the disease might have a wider distribution 
than was at first suspected, but this has not been borne out. Trench 
fever cases have a group distribution consistent with the migrating habits 
of the louse, which tends to leave the fevered human host. 

^Etiology aod transmiaaion* — Hickettsia quiniam is transmitted in 
the excreta of the louse and multiplies in the cuticular margin of the 
epithelium of the midgut of that insect (p. 221). The virus exists in the 
blood of man and can be transmitted by inoculation of blood, or plasma. 
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It has also been found in urine, sometimes in saliva, but never in fasces. It 
is killed in one hour at 70° C. 

The infection is conveyed by lice fed on trench fever patients, the 
infected excreta being inoculated by scarification ; lice crushed and 
rubbed into the scarified skin also convey the disease. A cycle of develop- 
ment of rickettsisB takes place in the louse and occupies five days, during 
which time the insect is not infectious. Lice remain infective for at least 
twenty-five days ; the virus is not hereditarily transmitted through the 
louse. The infection persists for a long time in the blood of the patient and 
can be conveyed eleven weeks after an attack. Neither high nor low 
temperatures appear to influence the developmental cycle of this rickettsia 
in the louse. 

Symptoms. — Several types of fever were originally described, but 
relapsing pyrexia is usually present. Paroxysms of fever, lasting one to 
two days, recur at intervals of four to six days. An undulating type, 
with "waves of recurring periodicity of four to ten days, has also been 
described. The incubation period is about two to three weeks ; by scarifi- 
cation eight days ; by transference of lice fourteen to thirty-eight days. 
The onset is usually sudden. There are headache, giddiness, pains in 
back and legs, often profuse sweats, flushing of face and injection of 
conjunctivie. The spleen is enlarged in one-third of cases. There is no 
marked exanthem, as in typhus, but a pale pink erythematous or roseolar 
eruption which disappears on pressure has been described in one-third of 
the cases, usually coinciding with a relapse. 

Tenderness and pains in the shim are characteristic and often very 
acute indeed, but usually not present in the early stages. Itk^vere pains 
are also felt in knees and thighs, sometimes in the gastrocneinii. lliere 
is nothing characteristic in the blood, save a moderate leucocytosis of 
10,000-14,000 per c.mm. Sequel® are few and mild, such as slight febrile 
attacks, myalgia, tachycardia and debility. 

The disease is never fatal, but shin pains often piTOst after subsidence 
of other symptoms. Complete recovery is the rult*. 

Treatment. — The patient should be confined to bed for at least three 
weeks. Pyramidon, 1-2 grm. daily, is the only drug which has l>eeii found 
to have any effect upon the pyrexia or shin pains. Omnadin, a mixture 
of albuminous bodies, is recommended for relief of pain. 

IV. MITE TYPHUS.— T8UTSUGAMU8HI 

Synonjraa. Tropical typhus ; Sbimamusbi ; Japanese river fever ; 
Kedani mite disease ; Scrub typhus, ** K form.” 

D^^nidon. — ^A typhus disease with a case-mortality rate, 

ehameterised by the presence on the skin of an mUial eschar, s^rvening 
an the bite of a specie^ of microtrombidium (the larval stage of Tnnnbicula 
— a “ velvet mite ”). This is followed by an ulcer, lymphangitis, and a 
ijphns-like rash. 

Hiftafy. — ^Andeni records indicate that it has been known in Japan for 
over a thousand years, hut the diaeaae was first accurately described by Pidm 
(1878) and suhaequently by Baelz and Kawakami. Hatori (1919) gave a Atll 
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account of the epidemiology, whilst Hayashi first described in the endothelial 
cells minute intracellular bo^es which are now recognized as rickettsue. 

In 1925 Fletcher separated this disease in Malaya from murine typhus. The 
latter was known as the “ urban type,” the former as ” scrub typhus.” 
Subsequently, it became possible to separate these two types of typhus 
serologically. 

Ge^raphical distribution and epidemiology. — Formerly con- 
sidered to be confined to the banks of two rivers on the west of the island 
of Nippon, Japan — the Shinanogawa and the Oinonagawa, one of its 
tributaries — the disease is now known to have a much wider range.^ It 
becomes epidemic after the flooding of these rivers, when hemp is raised 
on the inundated land,, and appears in the harvesters during July and 
August. Tsutsugamushi occurs also in Korea, in Formosa (in the high- 
lands as well as on the coastal plains), in Malaya, Sumatra, Borneo, Indo- 
China and Northern Queensland (where it was knowm as ” Mossman 
fever ”). Isolated cases have b«=*en reported from Ceylon, New Guinea, 
the Pescadores, Burma and India (Simla Hills, Madras and Bombay). 
In Malaya, tsutsugamushi is a place disease and the infection clings to 
the rank vegetation of oil-palm plantations and coarse grass which is used 
as cattle fodder. 

i^tiology. — The organism of tsutsugamushi or “ scrub typhus is 
knowm as Bicketlmn orientcdis. This organism is conveyed by the bite 
of an acarus (locally known as akmnushi — the red insect), which is the 
lar\^a of a ” velvet inite,” Trombietda akamushi (0*9 mm. in knigth). The 
adult stage is non -parasitic. This larva is popularly know^n as the kedani 
mite or ** patau *’ (Figs. 819, 820, p. 945) and the Japanese have always 
regarded it as the vector of this fever. (This mite somewhat resembles the 
harvest mite — the larva of T. atdumnalis — and was formerly and incorrectly 
known as Microironibidium or Ijeptofrombicula akamtishi). In Sumatra 
and Malaya, however, the vectors are larv'© of Trotnbicula deliensis and 
T. schuffneri respectively, which infest the undergrowth and long grass 

lalang ’*) in clearings of the forest and there they are probably distributed 
by the crow pheasant (Centropus bemfolensis javanicus), T. deliettsis 
is pale ochre, T, akamushi bright vermilion. It is probable, though not 
absi>luiely proved, that wild rats (R. roHus diardi), the rural rat (R. rcittus 
jalorensis) and the house rat (R. concolor) act as reservoirs of infection 
(L(*wthwait<* and Savour, 1987). The larval trorabicula occurs numerously 
on the ears of the field vole {Microtua nionieMloi) and other rodents^ — 
Muswdoni, It- raiius rufescens, R. decumanus and R. agraicus, Li Korea 
and Fonnosa it is disseminated by a small w^arbler {Acrocephalus stentorius 
orienfalis), domestic fowls, the pheasant {Phasianus colchicus jormosanus) 
and a quail (Tumix javanica atriguUms), In the Mandated Territory of 
New Guinea, Gunther (1989) regarded T. minor as the probable vector, its 
principal hosts being the rat or bandicoot (Echymipera cockerMi), bush 
pig, fowl, turkey, cassuary and ground pigeon. In Papua the vector is 
probably T- fcirsfi. 

llie rickettsial have been found in the body-cavity of the adult mite, TrombicuJa 
akamushi^ and in the salivary glands of the infective larval stage, and are now 

' It li oSkMr ftentiKS to tH) oodemto in th« Nagnto, Yuma and Kkiu provinoM, and in the district* of 
(^nrtsin rtv«r»— itM iromimm ShlnMio and Aka riTtns. 
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known to persist from one generation to the next — about 30 days. The infection 
may originally be contracted by the adult trombicula and thereby may be 
transmitted to the larva. The larval Trombicula requires one single m^ of 
blood to complete its development. It attaches itself to vegetation, such as 
la.la.wg grass or scrub, along the course of rivers. (JR, ortenialis remain viable in 
lice for about seven days, but cannot be conveyed, but in the flea, X, cheopis^ 
it persists for eleven days so that the infection can be transmitted, under experi< 
mental conditions, by this ectoparasite.) 

R. orientalis occurs in the blood in the incubation period of the disease. 
Monkeys can be easily* infected with as small a quantity as 0*001 c.c. The 
organisms are destroyed by heating at 55® C. for ten minutes. 

Anigstein’s claims to have cultivated the organism in broth have not 
been substantiated, but it may be maintained on yolk-sac embryo as 
described on p. 228, as well as in tissue culture made from the endothelium 
of Descemet's membrane of the eye with additions of normal aqueous 
humour and rabbit plasma. 

Nagayo and others succeeded in transmitting the rickettsi® by intra- 
ocular inoculation in guinea-pigs, also by intratesticular injection in 
rabbits, in which they produce a characteristic reaction. Cross immunity 
experiments have shown that no immunity exists between R. orientalis 
and R. froicazeki and that therefore these two members of the typhus 
group are distinct (see also p. 224). 

Patiiology. — The lesion at the site of the infective mite bite undergoes 
coagulation necrosis and affects the epidermis, corium and surrounding 
tissues and is well delineated by a boundary line. This forms the eschar 
or ulcer, which is usually though not invariably present. The spleen is 
enlaiged, with tense capsule, soft and friable pulp, and focal necrosis ; 
similar lesions are found in the enlarged and congested liver. The lungs 
are congested, and hypostatic bronchopneumonia is frequent. There is a 
genera] lymphadenitis; glands in the vicinity of the initial lesion are 
specially affected and may show central necrotic lesions. 

Kouwenaar found that histologicaUy the “ typhus nodules ” differ from 
those of the exanthematic form in that the chief change takes place in the 
perivascular infiltration and that the intima of the blood vessels is 
secondarily involved. 

Symptoms. — The person attacked by the mite does not usually notice 
the bite, but later feels a pricking sensation when he happens U} touch 
the spot. The mite, or mites, can easily be seen through a strong magnify- 
ing ^bss, with their heads and bodies buried in the skin, but only when 
they are carriers of the disease do any definite pathological changes 
take place round the lesions they inflict. After an incubation period of 
from four to ten days, the disease usually bej^ns with malaise, frontal and 
temporal headache, anorexia, chills alternating with flushes of heat, and 
proitotioD. Presently the patient becomes conscious of pain and tender- 
ness in the lymphatic glands of the groin, annpit, or neck. On inspection 
of the skin of the corresponding lymphatic area there is sometimes dis- 
covered — ^usually abotit the genitals or armpits — ^a small (2 to 4 mm.), 
round, dark, tough, firmly a<Uierent eschar surrounded by a painless livid 
red areola of sop^dal congestion. This is the initial ulcer. Sometimes 
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it may be merely a papule which develops and disappears during the 
incubation period and therefore is seldom visible. ^ Lewthwaite makes a 
point that an ulcer is not by any means invariable. Occasionally two or 
three such eschars are discovered. Although a line of tenderness may be 
traced from the sore to the swollen, hard, and sensitive glands, no well- 
defined cord of lymphangitis can be made out. The superfcial lymphatic 
glands of the rest of the body, especially those on the side opposite to the 
glands primarily affected, are also, but more slightly, enlarged. 

Fever of a more or less continued type now sets in, the thermometer 
mounting in the course of five or six days to 104® or 105® F. The con- 
junctivsB become injected ; the eyes are half-closed, watery and faintly 
glistening. Photophobia is invariable. At the same time, a considerable 
bronchitis gives rise to harassing cough. The pulse is full and strong, 
ranging rather low — 80 to 100 — for the degree of fever present. The spleen 
is moderately but distinctly enlarged, and there is marked constipation. 

About the sixth or seventh day an eruption of large dark-red papules 
appears on the face, tending to become confluent on the cheeks, and 
fading on pressure. It extends to the forearms, legs, and trunk, being 
less pronounced on the upper arms, thighs, neck, and palate. Simul- 
taneously. a minute lichenoid eruption breaks out on the forearms and 
trunk. This usually lasts from four to seven days ; if but slightly marked, 
it may fade in twenty-four hours, becoming pigmented. 

During the height of the fever the patient is flushed, and at night may 
he delirious. He complains incessantly, probably on account of a general 
hypercesthesia of skin and muscles. Deafness is also a feature. 

As the disease advances, the symptoms become more urgent ; the 
conjunctivitis is intensified, the cough becomes incessant, the tongue 
dries, the lips crack and bleed, and there may be from time to time profuse 
perspiration. By the end of the second week — sooner or later according 
to the severity of the case — the fever begins to remit, the tongue'to clean 
and, after a few days, temperature falls to normal and the patient speedily 
convalesces. There is a well-marked leucopenia. The red cells are 
normal, but there is a decrease in the coagulability of the blood. Bronchitis, 
diarrhoea, or diuresis may occur during the decline of the fever. The cir- 
cular, sharp-edged, deep ulcer left after the separation of the primary 
eschar — ^usually during the second week — now begins to heal, and the 
enlargement of the glands gradually to subside. The urine is albuminous 
and gives the diazo-reaction. 

Such is the course of a moderately severe case. In some instances, 
however, the constitutional disturbance is very slight, although the 
primary eschar may be well marked and perhaps extensive. On the 
other hand, the fever may be much more violent, and complications, 
such as parotitis, mehena, coma, mania, cardiac failure, or oedema of the 
lungs may end in death. Similarly, the duration of the disease varies 
according to severity from one to four weeks, three weeks being about the 
average. Belapses do not occur* It has been stated that many persons 
bitten by infected mites complain of headache, oppression, general malaise 
and numbness at the site of the bite. These may subside in two or three days 
and may be caused by the secretions of the mite, but not by B, orisntolts. 
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This view has gained some support from the fact that such phenomena 
havebeen evoked by injecting an emulsion of freshly-macerated T. akamushu 
Emulsions made with infected mit^ usually produce local necrosis. 

Pregnant women contracting tsutsugamushi mostly abort and die. 

According to Hatori, reinfection may occur. 

The death-rate in Japan is high — from 25-80 per cent. — but much lower 
in Sumatra (0-15 per cent.). 

Diagnosis. — The Weil-Felix reaction has proved of great value in 
diagnosis {see p. 280). The serum does not agglutinate cultures of 0X19, 
or OX,, but only OXK (Kingsbury strain) and this appears to be quite 
clear and definite. The main type of antigen is therefore OXK, Filtrates 
of OXK have been employed for an intradermal test (Kuroda). A positive’ 
reaction is said to supervene within a period of two hours, during the first 
few days of the illness only, but a negative reaction ensues after the sixth 
or seventh day. 

United States medical authorities report that JR. orienialis is easily 
isolated in the early stages by grinding up blood clot with normal saline 
and centrifuging at low speed ; 0*3 c.c. of the supernatant fluid is 
inoculated intraperitoneally into mice. Death occurs 10-16 days later, 
and rickettsiae are demonstrated in peritoneal smears. 

The limited geographical distribution, together with the initial necrotic 
ulcer and lymphadenitis, suggest the diagnosis. Plague and tularcemia 
may possibly considered, but even if primary vesicles or ulcers occur 
in these diseases, the matting together and exquisite tenderness of the 
lymphatic glands should be suggestive. 

The differentiation of measles and dengue may also have to considered. 

Treatment. — The site of the bite should be treated by cauterization or 
extirpation. 

Recently, stabilarsan, in two doses of 0-15 grm. and 0 8 grm. at four days* 
interval, has been employc?d with success. Lumbar puncture and drawing 
off fluid under pressure has had good results. The U.S. Army Medical 
Department has used penicillin in New Guinea, in maximal doses, with no 
effect. As hypoehlorsemia may develop, common salt, 6-8 grm., should 
be giv^ daily. 

Prophylaxis. — In a mite-infested country all parts of the btxiy sliould 
be properly protected. For this purpose a mite-proof suit has been devised 
by Hayashi and Nagayo. All articles of clothing used in infected fields 
should be sterilized, and the parts of the body exposed to mite-bites 
bathed with Vleminckx’s solution. The most effective measure is to bum 
down bushes and grass in the endemic area before bringing it under 
cultivation. Dimethyl, or bidyl, phthakUe sprayed on clothing and trousers 
has proved effective in warding off larval Twmbicula. 

For prophylactic inoculation, see p. 250. 

V. TICK TYPHUS— ROCKY MOUNTAIN SPOTTED FEVER 

Synofiyiiia. Rocky Mountain Fever ; Black Fever ; Blue Disease. 

Deflnitioa.^ — A spe^e fever supervening on the bite of ticks — Derma- 
cenior andersoni and D« tariabilu — and resembling, symptomatioally> 
exauthematic typhus. Other species of tick have also been inoriuunated* 
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History. — For upwards of forty years a peculiar disease, variously named 
“ spotted fever,’* “ blue disease,” ” black fever,” had been recognized as endemic 
in limited districts of Montana, Idaho, and Wyoming, America. Wolbach 
described in 1919 a rickettsia body as the germ-cause of the disease. In 1906 
King ascertained that the disease supervened qu the bite of DermacerUor andersoni 
(D. venustus)^ (Figs. 322, 323, pp. 948, 949). On the eastern borders of its range 
the vector is D. variabilis (the common dog-tick of North America). 

Gec^raphical distributioo and epidomiology. — First described in 
1896, it was originally thought to be confined to several of the Western 
States of the American Union: Idaho, Montana (Bitterroot Valley), 
Wyoming, Utah, Nevada, Oregon, Colorado, New Mexico and Washington 
States. It is now known to be divisible into two varieties, eastern and 
western. On the w^hole, th(» latter is thought to be the more deadly. The 
eastern fonn is gradually spreading and has b(^n reported from 82 Stat(vs, 
as well as from E. British Columbia, Alberta and Saskatchewan, the only 
exceptions being Maine, New’ Hampshire, Vermont. Connecticut, Wisconsin, 
Rhode Island, Michigan and Kansas. 

Principally found in valleys and near the hx^thills of the mountains, it 
occurs in 8har[)ly-defined and limiU*d areas. A new South American focus 
in Colombia was originally discovenMl by Patino-Camargo (1935) on the 
Tobia river, a tributary of the Rio Negro, in a narrow valley of the Mag- 
dalena basin at an altitude from 2,800 to 4,100 feet, and a second, somewhat 
to the north-west, on the Villeta at 1,650-4,300 feet. The high death 
rate (95 per cent.) and the susceptibility of labomtory animals to inocula- 
tion made it probable that the rickettsia is identical with R. rickettsii. 
The tick vtH^tors appear to be Anihlyommi cajennense and Derniacenior 
niiens. The possibility of the identity with the tick- typhus of Sao Paulo 
(Brazil) has also to be considered, and it is closely related to Fieire bou- 
lonnetise. (Cf. evidence of Anigstein and Bader, infra.) 

In the north-westeni regions of the United Statics the vector is Der- 
macenior andersoni, which is prevalent from the middle of March to the 
middle of June, and in that region the majority of cases occur in April, 
May and June, occasionally in July and September. In eastern States 
the vector is D. mriahUis, which appears in March and December, and most 
of the coBiJs are reportetl in June, July and August. The infection coii- 
veytni by tht^e ticks is. therefore more common in women and children 
because dogs bring ticks into the houses. 

As a result of recent work it is becoming apparent that spotted fever is 
more widely distribnUni in America than was formerly consijiered probable, 
and that two principal types of the group in the Western Hemisphere can 
be distinguished — one transmitted by ticks of the genus Derniacenior, the 
other by Amblyonima ; tlie latter covers the greater portion of Texas and 
a large part of South America. 

iEtiolo^. — Originally known as Derniacentroxenus ricketisi, the 
or^nism has been renamed Rickettma ricket4m. There is conclusive 
evidence that R, rickeUeii is introduced by the bite of the tick ; only the 
adult normally attacks man (see p. 949). Doctors are very susceptible, as 

*Tb# luuoMi JD. nnMMfiM And a. wmd«rmmi rpfer to tbo «iim« ^pooiei. Tho differonoos la tho 
ot tba tick Hied bjr irAriou* watbor* remiltod ia a good deal of ooufUAfou. 

AppAwnUj dUittiKJt •pocIflA kAV« At VATiouA tiino* boon IncriminAled m 
(’AniMA of tiM fnftoUoii. D. mrMiii* to tho oootont roprooontAtiro. 
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is shown by the number of investigators who have perished from this 
infection. (In recent years Bruinpt became accidentally infected in his 
Paris laboratory, but recovered.) 

The natural ho^ of the wood tiok, D. andersoni^ are the Rooky Mountain 
goat, sheep, black bear, coyote, badger and lynx, but the larval stages develop 
principally cm ground squirrels (Citdlus columbianu$) and the woodchuck 
(Marmota Jlaviveniris), According to Bishopp and Smith, the immature stages 
^ of the dog tiok (D. variabUis), me found on the meadow mouse (Mierotus 
' pennsylvanicus). The disease tends to occur in the spring months when these 
ticks abound. These facts naturally gave rise to the idea that the animals 
acted as reservoirs of the disease {vide infra). 

The larva, nymph, adult male and female ticks have been proved 
efficient intermediaries for the parasite, whilst Dyer and others ^owed 
that the rickettsim are transmitt^ through the egg to the larva in a here- 
ditary manner. 

The proportion of infected ticks under natural conditions is quite amaU — only 
1 in 296 in Rickett’s experience. He miginally suggested from differences in 
the case mortality (in Montana 90 per cent. : in Idaho 5 per cent.) that two 
species of tick were capable of transmitting infection — D. andereoni and />. 
variabUis — and the suggestion proved correct. After feeding on infected blood 
there is a period of invasion which lasts 12 days, daring which a multiplication 
of rickettsiae takes place and the virus is converted into “ tick i 



The original suggestion by Ricketts that the reservoir of the virus of this 
deadly disease was to be found in the ground squirrel, chipmunk and Rocky 
Mountain goat has not been confirmed. The recent work of Parker and 
colleagues, in Oklahoma, and of Anigstein and Bader in Texas (1948) 
affords grounds for believing that spotted fever intergrades between the 
South American form on the one hand and FUvre bouUmneuee on the other. 
In an outbreak in Oklahoma the typhus infection was transmitted by 
nymphs of Ambly^inta americamm. In infected guinea-pigs the 
rickettsue are identical with R. rickdlsA. The natural reservoir in this 
case was for the first time proved to be a rodent, the pocket gopher 
{Geoniyg bremcepg dukheri). In Texas, evidence pointed to the dog as the 
natural reservoir, and to the dog tick (^mbephcdus sanguineus) as the 
vector, as well as A. americanum and probably also A, macidaHitn* 

In human tissues Wolbach first observed minute bodies, staining with 
Oiemsa, within the endothelium of blood vessels, in the substance of 
hun^ and guinea-pig testes. The same forms were identifted in the 
bodies, saliv^ glirn^ and eggs of Dermacenior, Two morphological 
t^Tpes were distinguished, one a lanceolate diplococoal form found in the 
euceulating blood as well as in the midothelial cells and eontaming diroma- 
tin : the other rod-shaped m)d staining blue. (Fig. 48.) 
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Pathology. — In addition to the skin rash, there is usually bron- 
chopnoumonio consolidation or hypostatic congestion of the lungs, with 
subserous petechial haemorrhages. Similar lesions are frequently seen in 
the brain. The myocardium is softened the spleen enlarged and firm ; 
the lymphatic glands generally enlarged ; focal necrosis of the hepatic 
cells and congestion of the renal cortex are found. Constant lesions, 
both in man and in artificially infected animals, are hsBmorrhages into the 
genitaha and. quite often, gangrene of the prepuce and scrotum. Vascular 
nodules are a constant feature, but not so striking as in typhus, with peri- 
vascular mononuclear infiltration. Bickettsisa are found in endothelial 
cells and in smooth muscle cells of the vessel walls. 

S3miptom8. — The incubation period is 8-7 days. The attack is ushered 
in by chills, which are repeated with diminishing severity at irregular 



Fig. 44.-<'Rocl(y Meuntilii t^ed fever oa teoth day, dbowing confluent hsmorrbagic 
areas and a necrotic pressure area of the skin over the buttock. Texas outbreak con* 
veyed by Afnbl^mma ameriranum^ {By caurirgy of Dr, L, AnigsUin.) 


intervals throughout the attack. By the second day the temperature 
rises to 108® or 104® F. and by the fifth to 105® or 107® F. A typhus 
(Hindi tion supervenes, with intense headache, photophobia, irritability and 
meningeal irritation. If the patient is to recover, the temperature ^gi^ 
to fall at the end of the second week and the fever usually subsides by lysis. 
There are intense muscular pains and very often an agonizing arthritis. 

The rash appears from the fourth to seventh day. It is first seen as 
Kuiall rose-eoloared spots but soon becomes petechial, spreading so as to 
l>ecome confluent, especially on the more dependent parts. It is, on the 
whole, redder and more florid than that of exanthematic typhus. In 
«ome cases the spots remain discrete, brownish Or purplish, giving a speckled 
appearance. 8l^ht ictoio tinging of the skin and sclerss is frequently 
< observed. In some oases gangrenous patches of skin occur on the elbom, 
<0^ and lobes of the ears. During the third week desquamation sets in 
‘ the eruption gradually fades. (Pig. 44.) 
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Constipation is the rule. The liver is usually enlarged ; the spleen 
enlarged, firm and tender. Albuminuria is due to kidney involvement, 
and the highly-coloured, concentrated urine usually contains casts. 
Severe cases are characterized by oedema of the face and limbs. Nausea 
and vomiting set in about the beginning of the second week and in fatal 
cases may persist throughout. Respiration is rapid, owing to respiratory 
catarrh. The pulse loses in volume as it increases in frequency. The 
erythrocyte count is little affected ; the haemoglobin content is slightly 
reduced and there is a mild leucocytosis of 12,000 to 18,000 per c.mm. 
There is a reduction in the blood-platelet count. Complications, such as 
gangrene of the tonsils, scrotum and prepuce, an^ common in the milder 
form. A high degree of iiuinunity is produced and no instance is known 
of a second attack. 

It is now recognized that there is little evidence for the view that 
eastern and western types can be distinguished. On the whole, however, 
in the west the rash tends to bt^ more intense and widely distributed ; the 
febrile period is longer, headache, muscular pains and arthritis symptoms 
more severe, and the tendency to retinal haemorrhages more pronounced. 
The percentage of children attacked is higher in the east than in the west. 

Diagnosis. — The sudden onset, the intense muscular and joint pains, 
together with a negative Widal reaction, help to differentiate it from 
typhoid. The geographical distribution remains a most important factor 
in ita separation from exanthematic typhus. The serological reactions 
belong to the indetenninate group. A feeble agglutination with Proteus 
0X19 occurs and also with OX, and OXK. Guinea-pigs are easily infected 
and develop the Neill-Mooser reaction, with swelling of the testes and 
scrotum. 

A differential ^hle is given by Gumming and Millam between Rocky 
Mountain fever and Briirs disease : 

Rocky Mountain F err r. Rwicmie Typhwi 

Rural. : rrbaii. 

History of tick Kite. ? Premises infested with rats. 

Children. Adults and middle-aged. 

Several cases in the same family. Sporadic. 

Fever up to 107'^ F., lasts for < Fever lower, ends hy orisia in 

weeks and ends by lysis. J second week. 

Rash on wrists, then fl^neral, in- | Rash first on trunk, flexor surface 

eluding palms of hands and f of limbs, rarely on face, palms 

soles of feet. t or soles. 

Mortality 25 per cent, or over. j Mortality under 5 per cent. 

Mortality varies considerably. In Montana it has been as high as 
76--90 per cent. The percentage given by Topping (1941) was 19*4 for the 
western and 18*1 for the eastern form. 

Treatments — As in exanthematic typhus, treatment, in ttie absence 
of any specific remedy, must be on general lines. 

I^phylaxte«— Attempts at prophylaxis are being carried out on the 
basis of the known methods of transmission. War is betng waged on 
^ound squirrels and woodchucks, the natural hosts of D. 

DoUiestic stock, especially sheep and goats, are being systemioally dipped 
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with arsenicals, to prevent the spread of the tick. It must be borne in 
mind that D. andersoni does not infest human dwellings. 

On tjie whole, the sheep is an uncongenial host, and badly infected 
districts should be converted into sheep-runs. Workers in endemic areas 
should be clad in a one-piece costume, the trousers should be tucked 
inside woollen socks and the sleeves secured with a strap at the wrists. 
Tick bites should be immediately cauterized or, if possible, excised. 
D. variabilis is frequently brought into houses by house dogs, which may 
be freed from infection by the application of powdered derris root. (The 
introduction and acclimatization to U.S.A. of the hymenopterous insect 
Ixodopfuuftus, which preys on these ticks, as advocated by Bnimpt, has 
proved unsatisfactory.) 

Tick paralysis, — Had wen first described the tick — Dermar^nior andersoni— 
in the dry districts of British Ck)lumbia as giving rise to a pecular paralysis 
which may prove fatal, and in these same districts it may affect man and other 
animals. Todd at a later date found that similar symptoms were produced by 
the bite of H armaphysalis cinnabarina and apparently in South Africa by Ixodes 
pilosus, and in Quc^^nsland by /. ricinvs and /. holocyclus, 

Hadwen's observations were subsequently confirmed by Nuttall in Cambridge. 
In experimental cats and dogs epileptiform convulsions may be produced. This 
form of disease is manifestly different from Rocky Mountain fever and actual 
causation of the paralysis is not clear. It may be some form of toxin. The 
wounds made by these ticks art^ particularly ]>ainful. 

VI. BULLIS FEVER (L<mc Star Fevori) 

A new form of rickettsiasis appean*d in T(»xaH in tho spring and summer 
of 1942 in soldiers «»ngHgKl in field exercises at Uamp Bullis, near Houston, 
Texas. Henceforward it should be known as “ Bullis fever."' All patients 
had multiple tick bites by Aviblyomtna afnerieanum shortly before the on- 
set. The fever lasrinl from 8 to 18 days in a series of 88 cases. The onst*t 
was abrupt, witli post-orbital and occipital headache, and the* fall of fever 
was by lysis, (ieneral adeimpathy was common. Jii the more severe 
attacks, a niaculo-papular rash appeared on the trunk, in some resembling 
murine typhus, in others like (ieriuan measles ; it never lasted more than 
48 hours. On the second or tliird day then* was pronounctMl leucopenia, 
with associated neutropenia (Woodland, McDowell and Richards, 1948). 
Later, Anigstein and Bader (1948) isolated from a collection of Amblyomma 
nrnerieanum an intra-cytoplasmic rickett.sia which was established in 
guinea-pigs. Cross immunity tests indicated that the organism is not 
identical with R. rickettmi or R. burneti. This has now been confirmed by 
Livmy and Pollard (1948). 

Anigstein suggestcnl that originally Bullis fever might be mite-borne and 
the disease related to tsutsugarnuslu, because the two entities are the only 
rickettsiases showing generalized lymphadenopathy and leucopenia. The 
sc<*ne of the epidemic described was heavily infested with Trombidium 
irrif am, the American chigger, or harvest-bug. This discovery th^efore 
fias interesting implications. It may be that it is the same entity as 

ttfmHtmmm In papufauly known imi Ow ** Lone SUu* tick *’ fititn blight «pot on th« •cubtlluin 
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Colorado tick fever, which somewhat resembles dengue (Topping and 
colleagues, 1940). 

VIL TICK TYPHUS (FlEVRE BOUTONNEUSE) 
TICK-BITE FEVER 

Synoninns. Marseilles fever ; eruptive fever ; Jihre exarUhematique ; 
ebJiaro noAdaire ; tick-bite fevers — South African, South American and 
Indian forms. 

History . — Fievre bouUmneuse was first described by Conor and Bruch 
in 1910 in Tunis, but is now known to occur throughout the Mediterranean 
littoral, and also in Marseilles and many other districts in Southern 
France, as well as in Italy, Portugal, Spain, Greece and Boumania. It 
has be^ reported on the Guinea Coast by Blanc, from Senegal by Peltier 
and CarriAre, and from Sierra Leone by Gordon and Davey (19B6). 

Distinctive features. — The distinctive features of this fever are that 
the virus is transmitted by the common dog-tick, Ehipicephalus san- 
guineus (Durand, Conseil, Bmmpt, 1980) and that the dog constitutes 
the reservoir of the virus, for these animals have been shown to be sus- 
ceptible and their blood infective both for man and monkeys (Durand). 
The tick-transmitted virus (Kickettsia proivazeki var. conmt) passes here- 
ditarily from one g^eration of tick to another without necessarily passing 
through a reservoir ammal. 

Another distinctive feature is the appearance of a primary sore at the 
site of the infecting tick-bite which, booming gangrenous, is known as 
“ tache noire and varies in size from a pin*s head to a pea, but is not 
usually painful. Lraiphangitis subsequently occurs. These features are 
comparable with those of tick-bite fever of South Africa (Troup and 
Pijper, 1981) and of tsutsugamushi. 

At first French investigators hesitated to include it in the typhus group 
on account of discrepancies in the Weil-Felix reaction, but this has been 
cleared up. The Neill-Mooser reaction in guinea-pigs is positive, especially 
when an emulsion of infected ticks is injected (Caminopetros, 1982). 
No cross immunity exists between fitore b^onneuse and endemic (flea- 
borne) typhus, and the former appears to be definitely a local form of 
tick-borne typhus. In other respects it resembles Rocky Mountain 
spotted fever, but the rash (Plate VII, 8) tends to be papular as well as 
petechial. There are now strong reasons for believing tmit it is closely 
related, in umde of transmission and letiology, with the spotted fever 
groups of North America (p. 240). 

African fornix — ^The tick-bite fever of South Africa, East Africa and 
8^th Abyssinia originally described by MeNaught in 1911, and again by 
Pijper and Dau in 1984, resembles JUme boutomieiiss, but is conveyed by 
larval iicke^Ambiyomma hebroeum, BkipicepfuduM appendicfidokut and 
BoopMhis decolor edns* Sporadic cases are reported from Jdbnnnesbuig, 
Kenya and Soutbem Abyssinia. These small ticks climb on to grass, 
attaching ^emsdves to man and animals and, being vdld dweUenii are 
not taund in houses or on domestic animab. liie disease in reipest 
rescues Bocl^ Mountain fever. In nature, mtoctiim is oonvsyed by 
tidt-bite, And nckettsia can be d^nonsfrated in the Malpig^hiaii tdbules 
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of the ticks ; an emulsion produces the disease in animals and a slight 
Neill*Mooser reaction in guinea-pigs. The serum reactions in man are 
not quite clearly cut. In most cases Proteus OXK is agglutinated in a 
higher titre than 0X19. Pijper and Crocker (1988) have shown that 
the virus of tick typhus does not immunize against the exanthematic or 
murine forms. 

Two forms of South African “ tick-bite fever ” are described : mild, or 
abortive, and fully developed. In the first the only symptom may be the 
primary sore, accompanied by adenitis and lymphangitis at the site of the 
bite. In the fully-developed form, in addition to the primary manifesta- 
tions, the fever lasts ten days, with severe headache, stiffness of neck, 
conjunctivitis and petechial rash on the fifth day. It is apt to be confused 
with cerebro-spinal meningitis, measles and typhoid fever. 

Gear and Douthwaite regard the dog as the reservoir of infection in 
South Africa, especially in the Cape Province, where it is suggested that the 
local dog-tick Hcetnaphysalis leachi may transmit the infection. 

South American form. — South American tick typhus, sometimes 
known as Tabardillo, or “ burning fever,” is a form of tick typhus common 
in Minas Geraes, Brazil (Magalhaes, 19^) ; it resembles boutonneuse 
and may be the analogue of Rocky Mountain fever farther north, as 
Parker, Davis and Dyer have shown that there is cross-immunity ; it is 
possibly the same as the disease which has occurred in Colombia and 
Texas {see p. 241). It is chiefly niral. Montiero succeeded in transmit- 
ting the virus through the tick Amblyomma cajennense, and produced 
intraocular lesions in guinea-pigs and monkeys by the injection of infected 
human blood, and it has been possible to demonstrate rickettsi® in the 
endothelial c^lls of DescemePs menxbrane. 

The mortality is said to be h^lb--about 80 per cent. Ambulatory 
forms are recognized. There is usually a local lesion and adenitis. The 
grave forms are associated with sudden onset, severe pains, vomiting and 
delirium. MagaUues found a leuoooytosis up to 59,800 per c.mm. in 74 per 
cent.of the cases ; leucopenia is exceptional ; and in severe attacks the blood 
urea is as high as 205 mgm. per cent. The urine is scanty, urea content 
diminished and there is chloride retention in the majority of oases. The 
W eil-Felix reaction is not clear-cut (Fialho, 1982) ; agglutination with 
GX19, OX, and OXK is found in low dilutions. Dias (1988) stated that 
the natural reservoirs are the opossum, domestic and wild dog {Cerdocyon 
thous), the wild rabbit {SylvUagus brasUiensis) and the agouti {Dasyprocta). 
The tick vectors are several species of Amblyomnia: — .4. cajennense, 
A, stfiakm, A. hroMimse : the former especially, according to Dias, is 
commonly parasitic on the domestic dogs. 

ImUan form. — McKechnie (1911) found a mild sporadic forai of 
typhus in the Kumaon Hills on the North-West Frontier districts of 
India, and Megaw (1916) suffered from such an attack which he attributed 
to the bite of a tick. Other cases have been reported by Stott (1985) from 
Lucknow and by Webster (1989) from the Sini^ hiUs. The serum agglu- 
tination againit OXK is said to be marked. Other cases mving this 
reaction have been recorded from Lahore, Memat, Bengal, Assam and 
Bombay (Boyd) {m p. 287). The tack vector is unknown. On the other 
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hand, this may be a form of mite-bome typhus, Trombictda deliensis 
being suspected. 

VIIL “ Q FEVER ” 

History. — A new fever was noted in 1986 in meat-workers in Brisbane, 
Queensland, by Burnet and Freeman, and since then many cases have been 
described. By 1989 it had been realized by Dyer and his collaborators 
that the organism — ’Bicletlsia humeti — is the same as that described 



Fig, 4S. hurneti (diaporira^^ AmerklB 0 Fcv«f. 
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in America as ft. dtaporiea^ which is spread by the ticks, ^ _ 
andenoni and OmiOwaorus turieafn, in Wyoming and the Western United 
States. 

Geograpliical distribution and epidemiolo^. — Q fever oooaw in 
(^e^land wd is apparently widespread in America. There is no 
obvious relationship to season. Most CMes have hem noted in moat- 
workers or dairy humos. 
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^Etiology. — Eickettsia humeti is morphologically identical with 
R, prmazeki and produces characteristic patholo^cal effects in monkeys 
and mice. There is a well-defined febrile reaction, during which time 
the blood is infective for guinea-pigs, l^ice inoculated intraperitoneally 
show enlargement of liver and spleen with characteristic histological 
changes. In sections and smears of infected mouse liver and spleen 
large numbers of rickettsi® occur in relatively large intracytoplasmic 
colonies (Fig. 45). 

i?. bumeti can be cultivated on minced chicken embryo and reaches its 
maximum growth during the second week. When eight or nine-day 
embryos are inoculated and membranes removed after six days and 
incubated at 84° C, numerous rickettsi® are visible. After numerous 
passages on egg-membrane the American strain showed no reduction in 
virulence for guinea-pigs. Cox and Bell similarly cultivated the American 
strain in chickim embryo, in flasks containing yolk sac tissue suspensions 
and filtered human ascitic fluid, in which it develops more profusely than 
does the Australian virus. 

The natural re8er\'oir in Qiuensland is the bandicoot {Isoodon torostis), 
which is very susceptible to experimental infection.^ Smith and Derrick 
(1940) isolated the rickettsia from a tick, Htpmaphysalis humerosa, w'hich 
is normally an ectoparasite of the bandicoot and opossum. More recently 
(1942), Derrick and Smith found that cattle may play 4n important part 
in transmission, and that human infection may result from direct infection 
fn)ni the lK>dy tissues of inftHjted cattle, or further indirect infection from 
infwted cattle by the body tissues of ticks, especially EoophUus anmilaius 
mitwphu, 

Sinc4‘ 1988 it has Ikmui ascertained by Davis, Cox, Dyer and others that the 
organism, K. diaporica, which was first isolated from the tick, Orniihodorus 
/unV^n, is identical with R, bumeti and should be knowm as R, burmii 
var. amerieann. Davis (19^10) ghowH*d that it may persist in the tissues of 
this tick for thret' years. Since then, outbreaks of Q fever have occurred 
(Homibrook and Nelson), and this organism has been recognized in ticks, in 
Montana. Wyoming, Oregon and California. The principal vector in these 
districts is Dermacentor andersoni. Similarly, Smith and Derrick ascertained 
that /?, bt$meii exists as a natural infection in the tick Hctmaphysalis 
hrnnerom in Australia. The ranges of susceptible hosts is the same in both 
varieties, but the American (Montana) strain appe^ars to be more virulent 
except for mice. Thert* is some evidence that congenital Iransmission may 
take place in the tick. 

Huniet and Preeman confinm^d the findings of Dyer that the JR, 
bumeti at Australia and of America are identical. Both Montana and 
Australian Q strains are agglutinated to the same titre by sera from a 
number of animals experimentally infected with one or other strain. 
S(>ra from man and animats infected with other rickettsial diseases do not 
agglutinate R, bumeti. Guinea-pigs protected against Rocky Mountain 
fi ver are not immune to Q fever, but protection against Q fever is active 
''gainst the virus recover^ from wood ticks (IK anderwni) in Montana, 
atid the serum of patients recovered from Q fever protects against both 

' *n>l« lUilnMil a A niMntiial And k qatio dliiiiioi tram thw iMUHSIoooi mi (5«fi»JN4 kMMKeolA). 
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Australian and American strains. The serum of man or animals infected 
with B, bumeti does not agglutinate any strain of Proteus. As with other 
rickettsial infections, mixtures of virus and immune serum in suitable 
proportions may be injected into animals without febrile response, but in 
all instances the subs^uent complete immunity of the animal indicates 
that actual infection has indeed taken place. 

R. humeti is present in the blood of man during the fever period only, 
but may be found in the urine during the later stages. Burnet and 
. Freeman demonstrated that the virus is filtrable, thou^ with difficulty, 
through relatively permeable (0*7 [l) gradocol membranes. 

Agglutination reaction of rickettsial suspensions by human monkey 
and guinea-pig sera occurs and is specific, and agglutinins are present in 
the serum of man and animals for several months after an attack. There 
is no cross-immunity between this disease and typhus or Rocky Mountain 
fever (Pinkerton, 1940). The disease produced in the guinea-pig is mild 
and mortality is nil, but when the animal is killed the spleen is found 
enlarged. One attack in the guinea-pig confers immunity and this has 
prov^ a method for the diagnosis of Q fever. In America these animals 
are readily infected by the fieces of the tick, Orniihodorus turicata. Bats 
are mildly susceptible, though the albino variety and rabbits are resistant. 

Symptoms. — This fever is known in America as “ Nine-mile fever.” 
The onset in man in acute and sudden. The course and duration vary 
considerably. Sometimes there is a rapid defervescence after six to nine 
days ; sometimes the course is protracted to the third, or even to the fourth 
week, and the temperature falls by lysis. There is no rash as in other forms 
of typhus. The outstanding symptom is headache, which may be extremely 
sev^e and persistent, while the pulse-rate is slow. The disease is com- 
paratively mild and there have b^n no fatalities. 

Homibrook and Nelson reported an outbreak in 15 persons amongst 
158 employed in one building in North America. No valid evidence was 
obtained in this instance that any arthropod was concerned with this out- 
break, or in the transmission of the disease. It is very suggestive that 
central pneumonia, or pneumonitig, has been observ^ as a complication 
in a number of cases in America. It is assumed that this illness may not 
be uncommon and may have a wider distribution than hitherto supposed. 

Findlay found that intranasal instillation of E. bumeH (American and 
Australian strains) in mice causes intmtHial pneumonia. Tl^ lesions are 
similar in character to those produced by rimilar appUoarions of the riekettsiie oi 
exanthematic and murine typhus. 

Diagsoaia. — An agglutination test with suspensions of Rickettsiis 
grown cm ^-sac is now employed and is highly specific. Agglutinins 
are present in the serum for several months after an attack. A oomplmnent 
fixaticm test was employed by Bengtson. The serum of patients, as mU 
as that of infected monkeys and rabbits, does not aggfutmate PrrAms 
OmOX„orOXK. 

Traatsnaat* — In the present state ot knowledge this is 
symptomalie. 

and Freeman found that the vinis, iriieii 
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mixed with immune serum or treated with lauryl sulphate, confers im- 
munity after inoculation, and so also do suspensions of rickettsi® killed 
by heat or treated with formalin. The appearance of fever in abattoir 
workers has now been explained as due to handling meat of infected cattle. 
It is therefore obviously important that all meat workers should be 
protected by prophylactic inoculation. 

Prophylactic Inoculation of the Typhus Group op Fevers 

A vaccine, to be of real value in the control of rickettsial infection, 
must produce a high degree of immunity which lasts for a considerable 
time ; must not evoke dangerous reactions ; and must be easily produced 
and easily administered. 

Killed exanthematic tsrphua vaccine. — The earliest and most 
widely used method is that of Weigh This vaccine is prepared from the 
intestinal contents of hce injected per rectum with suspensions of living 
RickeUsia prouazeki. After an interval the lice are killed and the intestines 
removed and ground up with dilute formol-saline. This method has been 
employed in Poland and in Germany. A very considerable number of 
lice — between 200 and 300 — ^is required to immunize a single individual, 
and the cost is great. Becent reports from Germany emphasize the fact 
that a death from louse-borne typhus has not yet been recorded in a 
patient fully immunized with Weighs vaccine. The difficulty of rearing 
large numbers of lice renders the use of the Weigl vaccine on a wide scale 
impracticable. 

Killed tick«t3ri>htt8 vaccine. — A method in which the tissues of 
infected DermacetUor andersoni are used has been employed by Spencer 
and Parker since 1925 in vaccination against Bocky Mountain spotted 
fever ; 150,000 pt^ople had been inoculated by 1936, and Parker (1941) 
stated that amongst persons infected within one year the mortality was 
only 8*11 per cent, as compared with 82*35 per cent, amongst unvaccinated 
controls. Similarly, Monteiro (1938) used the tissues of infected Ambly- 
omma cajennenee as a vaccine against S&o Paulo typhus. 

The chief difficulty lies in obtaining riokettsiss in large enough numbers. 
Numerous methods have been used : e.g., rickettsisB have be^ grown in. 
serum with Tyrode’s fluid containing chick embryo tissues,, but the 
growth, which is at first luxuriant, cannot be maintained. Cox utilized a 
method of injecting rickettsia (from typhus, Bocky Mountain spotted 
fever, fiivre bouionneuse and Q fever) into the yolk sac of the developing 
chick embryo, which yields a rich growth. Formalized or carbolized 
suspensions obtained by this method have been used recently in Spain. 
By this method one dozen eggs yield 100 c.c. of vaccine, enough for about 
tl^y people. Tito ultimate results of this method are still under trial. 
This vaccine is very widely used in N. Africa in the present war. 

Cox’s vacdne can be produced in large quantities. The virus is grown 
in devekqping fowl embryo and is tn^erred to other fertile eggs by 
0*6 c.c. of 5-10 per cent, suspensions of yolk sac in 60-60 mixture of sterile 
l>eef infusioii broth, or by tistng en equal quantity of undiluted yolk fluid. 
The latter method is preferred for the prep^tion of vaccines. The 
maximum multiplicatiion is not usually obtained before 4-6 passages. 



262 THE TYPHUS GROUP OF FEVERS 

Formalized suspensions of the rickettsice are then prepared, and have 
been found to be stable on storage. This method is at present under 
trial. The vaccine is injected three times /0*5 c.c. once and 1 c.c. twice) 
at five-day intervals. 

The customary methods so far employed as a means of testing the 
efiScacy of typhus vaccines are active immunization of guinea-pigs, 
agglutination tests for Protfus 0X19, and neutralization of antibodies in 
the serum of inoculated subjects. 

The protection afforded seems to be only partial. Recently (1948) 
Van den Ende and others published a report of an outbreak of murine 
typhus in twelve laboratory workers who had been immunized previously 
with Cox’s vaccine. The infection w^as contracted by the respiratory 
route. The disease was moderately severe in three cases ; mild in others. 

Suspensions of rickettsiae from tissues. — A different method 
consists of obtaining a rich suspension of rickettsiae from the lungs of 
animals infected by the intranasal technique. This consists of setting 
up a rickettsial pneumonia in mice, in rabbits or, recently in South Africa, 
in gerbilles, removing the lungs and obtaining by centrifugalization a rich 
emulsion which is then treated with formalin or phenol. No reactions 
are caused by the injections, of which it is lUH^^t^sary to administer four or 
five at inten^als of five days. A good immunity is said to be produced 
against exanthematic typhus, but only partial against the murine fonn. 
Castaneda (1941) proposed to use a lung vaccine prepared from rats in a 
similar manner, and to employ both types of rickettsia in the vaccine. 

Living typhus vaccines. — Specially rich emulsions are obtained 
from the peritoneal fluid of animals irradiated by X-rays and injected 
intraperitoneally (Zinsser). Laigret in Tunis and his colleagues employed 
strains of murine typhus passaged in the brains of mice. They are then 
ground up and dried in egg yolk and sodium phosphate. 

Blanc and Baltazard (1940) in Morocco usihI two distinct methods. 
In the first the tissues of inf(M?ted guinea-pigs are ground up in physiological 
saline, and the emulsion is treated with bile immediately before injection. 
In the second method the dried fsBces of rat fleas {Xenopsylla cheopis) 
are treated in similar maimer. It is claimed that in Tunis one-t<mth of the 
indigenous population has been inoculated with the mouse-brain egg-yolk 
vaccine, lliis method has been subjected to grave cnticisra on the 
grounds that the reactions produced are very severe and that in some 
cases the clinical picture of murine typhus has been reproduced. The 
same objections have been raised in Spain to the employment of the Laigret 
vaccine, and the results have so far Imn unsatisfactory. 

General considerations.— Felix emphasized that, at present, im- 
munization against the typhus group is still in the experimental stage ; 
one of the chief difficulties is to maintain the labile rickettsial antigen in 
cultures. Tbe best method of killing and preserving the vaccines has 
yet to be found. At preset phenol and formalin are employed, and it is 
probable that they destroy the labile rickettsial antigen. 

Recent reports confirm the impression that egg-yolk and antmaLIung 
vaccines are likely to give some degree of protection to man. 
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CHAPTEB XI 

PLAGUE 

Deflnitioii. — Plague is a specific, inoculable and otherwise communicable 
epidemic disease common to man and many of the lower animals. It is 
characterized by fever, adenitis, a rapid course, a very high mortality, 
and the presence of a specific bacterium, Pasteurella pestis (Bacillus pesiis), 
in thf^ lymphatic glands, viscera, and blood. In a large proportion of 
cases buboes form in the groins, armpits, or neck. 

History. — The first authentic account of plague in Europe describes an 
outbreak in a.d. 542, which, starting from Egypt, spread over the Roman Empire. 
The disease visited England as a widespread epidemic for the last time in 1664-79, 
and in 1664-6 upwards of 70,000 out of the 460,000 inhabitants of the London 
of that day perished. In the 14th century it was known as the “ Black Death ” 
not, as popularly supposed, on account of the petechial nature of the disease, 
but on account of the “ terrible death ’* it occasioned. From time to time, 
cases of plague have occurred in the Port of London in seamen from Eastern 
countries, and plague-infected rats are by no means uncommon in the docks of 
the metropolis ; but, with the exception of a limited epizootic in rats and rabbits, 
and several fatal cases in man in 1910 in Suffolk, there is no record of plague in 
Britain, apart from the oases occasionally seen in the seaports, since the seven- 
teenth century. Plague reappeared in ^ris in 1920 after an absence of three 
centuries. 

Geographical distribution. — Probably plague is always present in 
some part of India and in Uganda, ©8^t*cially among the nide hill-people. 
It is knQwn to have been endemic in the south-west of China, in the 
province of Yunnan, for many years. The present extension of plague 
probably had its origin in that part of China, and it is safe to prophesy 
that it will continue epidemic in that country for many years to come. 
Japan and the Philippines wcn’e both infected from China. 

Imported from Hong Kong, the disease appeared in 1896 in Bombay, 
and subscHiuently, as a great epidemic, spread to Calcutta and to many 
other parts of India, where it still prevails. In 1913 plague spread from 
Negapaiam to Oylon, and in 1914 broke out in epidemic form for the 
first time in Colombo, where it remained confined to one portion of the 
city. India has suffered more than any other country ; there have been 
years when the plague deaths exceeded a million, and they were considerably 
above that figure in 1907. It has been estimated that from the time 
of its introduction into India until that date there was a total of nearly 
ten miUion deaths. 

Soon after its appearance in India, plague became extensively epidemic 
in Mauritius, and it still prevails there at certain seasons. Mombasa and 
British East Africa (including Nairobi), the West African colonies, Madagas- 
Delagoa Bay, Cape Town, Port Elisabeth, and Durban, also Sydney 
and Brisbane in Austi^a, and Alexandria in Egypt have all been invaded. 
Plague was introduced into Java in 1910, and has existed ever since in 
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one of the most densely populated areas in the world. There has been 
an avmkge of 8,000 to 6,000 cases annum. 

Until its appearance in Brazil, Argentina, and other South American 
countries, and in San Francisco and Mexico, plague had never invaded 
the Western hemisphere ; now it is of considerable importance in California. 
Peru, into which the disease was introduced from India in 1908, was the 
first country on the West Coast of South America to be invaded. The 
infection reached Ecuador through Guayaquil and raged at an altitude 
of 10,000 feet. 

Epldemiolo^ and endemlology. — Age, sex and occupation have very 
little influence in plague. The youngest children are susceptible. 

Atmospheric temperatures, if very high or very low, seem to have a 
repressing effect. On the other hand, plague on more than one occasion 
has flourished during a Bussian winter. On the whole, the evidence 
points to moderate temperature — 50® to 80® P. — combined with a certain 
degree of dampness, as being the principal atmospheric condition favouring 
epidemic outbreaks and recurrences. In Hong Kong, for instance, it 
was found by Uttley that a mean temperature of 68® P. with a relative 
humidity of 88° and aqueous vapour tension of 0*500 favours the spread 
of plague, but when the temperature reaches 82-88® P. or more, for three 
to four months, with a vapour tension of 0*900, this disease tends to die out. 

In large towns and in some districts in which plague recurs for several 
years in succession there is a seasonal periodicity (which may not be the 
same in all places) of maximum and minimum prevalence. 

The duration of epidemics of plague is very variable. In large cities — 
Bombay, Hong Kong, Canton, for example — the disease, when fairly 
established, may not relax its grip for ten or more years. In smaller towns 
it may disappear in a few months. 

The extension of plague epidemics is peculiar : the disease follows trade 
routes, ^d especially the grain trade. Sometimes it may spread rapidly 
from point to point ; more generaUy it creeps slowly from one village to 
another, from one street or one house to another. Sometimes it skips 
a house, a village, or a district. 

These and many other facts in the epidemiology of plague are to be 
explained by the connection of the disease with the rat and its fleas, 
and dep^d in the main upon the migrations of the former and the breeding 
seasons of the latter. 


iBnoiiOOY 

The iiiicro*orgaiiisiii» — ^The specific cause of plague is the baoiUus 
whidi was discovered by and Kitasato in 1894. It occurs in great 
profusion in the characteristic buboes, generally in pure culture, althou^ 
towards the later stages it is often associated with the streptococci and 
staphylococci of suppuration. It is present, also, in great abimdance 
in the spleen, intestines, lungs, Iddn^s, Uv^* and other viscera, and, 
though in smaller numbers, in the bk^, whfle in the pneumonio ^fpe 
it is found in the sputum in profasi(Hi. It may be found in the msne 
and fasces. Towards the termination (rf raiddly fatal eases it occurs la 
great numbers in the blood. 
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PatUnifeUa putia (Fig. 45), as seen in a blood-film, or in preparations from 
any of the otfa^ tissues, is a short, thick ooooo-bacillus (1*5 to 2 by 0*5 to 0*7 p) 
with rounded ends, rery like the bacillus of chicken cholera. A capsule, or the 
appearance of one, can generally be made out, especially in bacilli in the blood, 
llie organism is readily stained by aniUne dyes, especially by Romanowsky 
stains, the extremities taking on a deeper ookmt than the interpolar part, giving 
a bipolar appearance. Epstein regards bipolarity as a phenomenon not specially 
confined to P. pestis ; the fixing and staining of the specimen naturally i^uenoe 
the result. 

Bhatnagar states that virulent stains of P. pulis can be recognized by the 
abundance of the envelope substance. 

It is non-motile. Gram-negative, indol-positive, and gives nitrite reaction 
with sulphanilic acid and X naphthylamme. 

Cuiiuml chatacUrs, — When sown on blood-serum and kept at body-temperature, 
in from twenty-four to forty-eight hours 
an abundant moist, yellowish-grey growth 
is formed without liquefaction of the 
culture medium. On agar, but better on 
glycerin -agar, the growths have a greyish - 
white appearance. In agar plate cultures 
they show a bluish transliicence, the 
individual colonies being circular, with 
slightly irregular contours and a moist 
surface ; on mannite-neutral-red-bile-salt 
agar the colonioB are bright red, but are 
colourtese on a similar medium in which 
lactoee is substituted for mannite. Litmus- 
milk and glucose-broth are rendered slightly 
acid ; lactose-broth is unchanged. Young 
c<»lonies are glass-Uke, but older ones are 
thick at the centre and more opaque ; they 
are singularly coherent and may be removed 
en bloc with a platinum ne^e. Stab- 
cultures show aft^ one or two days a fine dust-like line of growth. Accord- 
ing to Yendn, wbrni sown on gelatin, the bacillus gives rise to white transparent 
(H)lonies whk^, when examii^ in reflected light, present irhdescent borders. 
In bouillon the cultures present a characteristic appearance ; the liquid remains 
clear, whilst a granular depomt takes place on the ddes and bottom of the tube. 
Cultivated on broth in which clarified butter or coco-nut oil is floated, P. pesiia 
pre«ients characteristic stalactite growths which gradually fall off, forming a 
k'ranular deposit. Examined with the microscope, these various cultures show 
( liains of a abort hadltus, presenting here and there large bulbous swellings. 
1 n gelatin the badlU sometiiM form fi^ne threads, sometimes thic|; bundles made 
up of many bacteria, and involution forma are common. 

I'he haidllui ctossnol produce spores. 

The most favourable tenroerature far culture is from to 39*^ C.* 

virus of pfaigue can be modified by arttfioial methods ; it is well known 
t Hat some process of tto kind takes pla^ in nature, for as a plague epidemic 
'inmises, so the esee-mortality falls. 

ExpeiiiiMtltal piagiit*— 'In the guinea-pig, within a few hours of the intro- 
of tl^ vinis,a oonsidetable amount of osdema appears sitmnd the puno- 
ure, and ibo adiaoent i^and ia perceptibly swollen. At the end of twmity-four 
<mrs the anlnuaki very ill ; its coat is and staring ; it refuses food, and 
beeoi n ss oonvuli^ and usually dies on the third or fbmrth day. 



Fig. 44.— P. pestis In peripheral 
blood hi lepticcmk plague. 500. 
{Microphoiorraph : Dr, J, Bell.) 
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If tlid body is opened immediately after death, a aanguineoua oedema is found 
at the point of inoculation, with hamorrhagio inflammatory efifuniona around 
the nearest lymphatic gland, which is much swollen and full of bacilli. The 
intestines are hyperamic ; the adrenals, kidneys, and liver are red and swollen. 
The muoh-enlaj^^ spleen frequently presents an eruption of small whitish 
granulations resembling miliary tubercles. All the mrgans, and even any serous 
fluid that may be present in peritoneum or pleura, contain plague badly. In 
the blood, beddes those free in the liquor sanguinis, bacilli are found in the 
mononuclear, though not, it is said, in the polymorphonuclear leucocytes. 

R61e of the rat in plague. — Although small and circumscribed 
epidemics of plague may occur without the intervention of the rat, as 
when it first appeared in Colombo, there can be no doubt that in most 
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epidemics of the bubonic form this rodent plays an important part, both 
in the introduction and in the spread of infection. The species principally 
concerned are Rattus norvegums (or decumanus) , the grey rat, and Rcdtm 
rattiis, the black rat (Figs. 47 and 48). The mouse, Mvs mtisculus, is also 
susceptible. The bandicoot and musk rat are of little importance in these 
respects, although susceptible to laboratory infection. In Bombay the 
epizootic appears first in the Ralivs normgicus community, RaUus roRus — 
the more domestic species — being subsequently attacked. Later the 
disease appears in epidemic form in man (Chart 18). 

The seasonal prevalence of bubonic plague in rats is marked, and is 



not due to a periodicity in their reproduction, but is connected with 
periods in which Heas are most numerous. 

In plac«^ in which plague epidemics ktn^p recurring year after year the 
lt>cal rats acquire a considerable degree of immunity ; morwver, this is 
transmitted hen+ditarily. Thus, in plagm^free towns in India— e.g. Madras 
and Dacca — the mortality among the local black rate experimentally 
irihK’ited was 100 per amU, while in plague-stricken towns, such as Gawnpore 
and Pcx)na, it was much less. 

Another obst^rvation which tmj have important bearings on the spread 
of pl^e, and the yearly recurrence of epidemics in the same place, is 
that in certain rats the disease may assume a chronic fonn. 

Other animals may die of plague during an epidemic ; dogs are said to 
be immune* 

Selvadc or wild rodent plague.— Formerly, epidemiologists 

concerned tbeinscdves mainly with rat epiaoOtics, but recently, increasing 
Httention is b^g paid to plague of wild rodents of the fields and woods — 
IS 
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field-rodent, or selvatic, plague. It is now realiaed that plague exists 
in a smouldering state over vast tracts of territory amcmg ihe Asiatic 
marmots ; among the ** susliks,” mice and jerboas of the desert re^on 
of south-eastern Russia ; among the gerbilles and murida of the African 
high veld and coastal region ; among the chipmunks and ground-squirrels 
of California ; and in South America among the cavies (“ cuis,” wild 
guinea-pigs), and other peculiar rodents of the Pampas. In Chile, on the 
other hand, plague is restricted almost entirely to rats in the seaports. 
Desert country is unfavourable to the rat flea, XenopsyUa cheopis. Although 
field-rodent plague has given rise so far to comparatively little human 
mortality in most countries, in North Manchuria, where the disease is 
endemic in the marmot or “ tarabagan,” virulent epidemics of pneumonic 
pla^ have occurred. 

Rdle of the marmot and other rodents. — Mongolian and Siberian 
pneumonic plague epidemics are associated with the occurrence of the 
disease in species of marmot known as tarabagan ” {Arctomys bobac. 
Fig. 49),^ and several smaller species {CileUus dtellus and mwjozaticus), 
locally known as “ susliks,” which can harbour the plague bacillus in 
their bodies without apparently suffering any ill effects during hibernation, 
thus constituting a more or less permanent reservoir of the plague virus. 
Possibly plague infection is transmitted to man by the fleas which infest 
these animals, but it is more generally consider€*d that the rodent fleas 
play a minor part and that the infection is transmissible via the ali- 
mentary tract. It has been shown that in hil>emating sperraophiles 
P. pestis loses its virulence and is less easily cultivated. Epizootics of 
pla^e in these regions generally begin after hibernation. 

The pouched marmot of the Caucasus {Spennophtlus yuUatue) is 
extremely susceptible to plague infection, and is probably concerned 
in the spread of the disease in that r^on. In Transbaikalia plague occurs 
in Spemiaphilus eversmani and in S. dauricus, which are 22 cm. long and 
rather resemble the tarabagan. The presence of spermophiles, which are 
related to marmots and ground squirrels, can 1^ determined by the 
characteristic excrement at the mouth of their burrows* 

As an indication of the important part that many animals play in 
the spread of human plague, extracts from the report of the first Plague 
Congress of Soviet Russia, 1927, may be taken as an example. In South- 
Ewt Russia, from October, 1925, to May, 1927, there were 42 plague 
epidemics with 810 cases. The infection of 11 of these originated from 
domestic and field mice, four from spermophiles, three from jerboas 
(Dipodipui soffUa), and four from gerbilles (lOumAamyi ppimui), while 
seven outbreaks were traced to infection at slaughter of piague-i^ected 
camels. Fleas capable of biting man were found on nearly every rodwt, 
and j^y an active part in the spread of plague in Russia. Proventricnlar 
blookittg {$ee p. 262) with the plague bacillus occurs in tiie gert^ fleas 
{Ceraioptijiflus tuquorum and C. kevkepe). 

Plague is known to orist in the seven western states of America, but 
it has not so far hem noted east of Wyoming nor south of Utah, save in 

^ a eSMpMlif or 4. Mir, iNNi io^ 
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California ; the most northerly point is some 150 miles north of the 
Californian border. In California the ground-squirrel (Citellus beecheyi, 
Pig. 50). although it does not live near human habitations, infects rats 
that do, and thereby acts as an important reservoir of P. jpestis. 

Seven species of ground-squirrel are now known to harbour plague, 


including CUellus beech- 
eyi, C, fiBheri, C. gramr 
murus, and C. touiuendi. 
Other wild rodents from 
which plague-infected 
fleas have hmn collected 
include a tree-squirrel 
(Sciums douglwnt), 
chipmunks (Tamias 
sp,), marmots {Mamiota 
flatnventer nosophora 
and Af. fl, engelhardii), 
and also prairie dop 
{Cynomys parvidene), 
Eskey and Haas have 
pointed out that wild 



rodent plague in the 

\Vesti‘m United 8tat.es Fig. 49. — Areicmya bijhac, Siberian mannot 


is not always accom- 
panied by infection of 
domestic rats. 



In South Africa, 
espc*cially in thq Cape 
Province, the rodents 
of the inland veld have 
bi*come infected with 
plague, and by con- 
tinuously passing the 
disease from one to 
another constitute a 
persistent and danger- 
ous source of human 



infection. On the high 
veld the gerbilles {Taie- 

rona lobmyidm and Dea- Ftg* It.— Ciieffiu bteckeyi, ground-HVlml 
fnodiUus auricularis), of Calitonila (oat. sise). 

the ground * squirrel i 

(OeoaduruB eafenm)^ and the multimammate mouse (Moafomys coucaa) 
are the most important — the latter forming a link by conveying infected 
fleas from gerbilie burrows into human habitations. In the lower buA 
country the striped mouse (Bhabdomys pumilw) pla 3 r 8 the chief r5ie, 
while the sprin^haas (Pedeka eaffer)^ a giant jerboa, on account of its 
extreme mobility, is capable of widely disseminating plague. Two 
carnivores, tibe surioate and the yellow mongoose, are susceptible to 
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plague by feeding on dead and dying rodents, and it has been pointed 
out by Mitchell that the discovery of gerbille remains in the fssces of 
these animals is a valuable indication of the existence of a rodent episoOtio 
in the veld districts, as these animals do not normally eat gerbilles unless 
they are sick. 

South African rodents harbour a large number of species of flea. Of 
these, three, Dinopsyllus It/piisus, ChiaiopsyUa rossi and XenopsyUa eridos 
have been found, under experimental conditions, capable of conveying 
plague infection. 

To be effective, the prophylaxis of plague in the wilder regions of the world 
necessarily entails a l^owledge of the habits of these rodents. The ground- 
squirrels are reaUy spermophiles which constitute a connecting link between 
the true squirrels and the marmots. Ground-squirrels are generally found in 
prairie-like regions, where they construct an intricate system of burrows, at the 
main entrance of which they may be commonly seen standing on guard upright 
and motionless. 

The true marmots, such as the “ tarabagan,” are characteiizod by the rudi- 
mentary thumb, small eyes and ears ; the tail is bushy and comparatively short. 
The burrows which they excavate are very deep and are crowned by mounds of 
earth thrown up by successive generations of marmots and are known as 
“ bootans ’* in Mongolia. The gerbilles are small jerboas ; they are rather smaller 
than the domestic black rat ; the hind legs are long, the front very short. They 
toe pale fawn with white bellies. Their habitat is sandy country where they live 
in families. Their warrens extend over an area of 30 square yards and to a 
depth of 3-4 feet. Gerbilles may commonly be seen sitting warily in an upright 
position at the mouth of their burrows with front paws extended horizontally. 
The warrens often harbour ground-squirrels, suricates and mongooses, all four 
apedes, apparently, living on friendly terms. Plague is spread among gerbilles 
(Taterona iobenguke) through the intestinal tract by the cannibalistic habits 
which these creatures develop when sick. 

The multiniammate mouse is the wild mouse of the veld and has much the 
same habits ; in country districts it invades human habitations. The striped 
mouse is diurnal and is mc^ numerous in bushy country, where it usually builds 
big nests of sticks on the surface of the ground and lives in large familiee. 

In Dakar (Senegal) a shrew {Crocidura stavipflii), on the Gold Coast, the 
giant rat {Cricetoiornys gamhianwt)^ and in Kenya the field rat (Amimnihus 
abyssinicus) play a part in the dissemination of plague. 

In South America, in the Argentine pampas, Uriartr^ and Villason 
have shown on several occasions that rodents of the cavy tyj^ suffer 
in plague epizofitics. The sj^es specially concermtd are Microcuvia 
australis and M. gaka; a cricelid also, Graomys griseoflams^ has been 
shown to be experimentally very sffseeptible. It is arboreal, and recently 
de la Barrera found a smsdl outbreak of human plague which was traced 
to this animal. 

On observations such as these the modem quarantine agamst plague 
has been framed. 

RAle of tlie flea in plague.— It is now known that plague is not 
oommonioable from animal to animat by simple contact, but is readily 
conununicated by fleas, and principally by XsnapsyOA chsopis (Rg. 896, 
p. 995), the rai-fiea of the tropics, Cerak^hyUus fasmatius, the rat*flea of 
tempemte climates, and CtmocephaluM eanis and C\ fdis, which bite 
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men, dogs and rats indifferently. These act as passive intermediaries 
and carriers of the bacillus. P. pestis multiplies in the stomach of the 
flea, retaining its virulence for over twenty days, and is then passed out 
in the faeces, so that the flea serves not only as a carrier, but also as a 
multiplier of the germs. Wu Lien Teh has shown that in outbreaks of 
plague in Manchuria the human flea (Pulex irrUans) may convey the 
bacillus direct from patient to patient without the intervention of the rat. 

Especially convincing are the experiments of the Indian Plague 
Commission, which clearly showed that, if fleas are excluded, healthy 
rats will not contract the diwmse, even if kept in intimate association 
with plague-infected rats. Young rats may even be suckled by their 
plagiu*-stricken mothers and remain healthy. It suffices to transfer 
fleas from a plague-infected to a healthy animal, or to place the latter 
in a room in which plague rats have died recently and bc*en subsequently 
removed. The fleas that have left the body of the dead rats, remaining 
in the room, convey tin* bacillus. An animal placed on the floor cannot 
be inflated if the precaution is taken to surround the cage with “ tangle 
foot,” so as to keep off the fleas ; but if it be placed on the unguarded 
floor, either in its cage or allowed to nin about, or even if suspended 2 in. 
ahov(» the floor— a distance not beyond the siiltatory powers of the flea 
— it will b(*eoirie infected. 

Martin and Bacot found that a proportion of the fleas fed on plague- 
infected rats develop a pecuiliar condition of stomach and oesophagus, 
which beconu* blocked with bkmd-clot containing a pure culture of P. 
pestui. When such a flea feeds on a normal rat, part of the culture 
r« gurgitah»8 and communicates infection : at the same time bacilli are 
pasH<*d in the freces an<l may infect through any existing abrasion. They 
furtluT t>bserved that the “ fdocked ” fleas died very rapidly, apparently of 
thirst, if plactnl in a warm, dry atmosphere (Fig. 51). There is apparently 
lit tle difference between wild rodent and domestic rat fleas in the readiness 
of infection. The life-span of the infected flea is comparatively short ; 
according to Eskey and Haas the average survival is only about 3-2 days. 
Under experimental conditions some of the squirrel fleas bt^como blocked 
as readily as cJieojm. 

Li temperate climates fleas are most numerous during the warmer 
weather ; hence, summer and autumn are the bubonic plague seasons. 
In warnr climates bubonic plague is most likely to become epidemic when 
l4unperaturo ranges between 10° and 80° C. — temperatures favourable 
to th(^ multiplication and activity of the flea. Temperatures over 80° C. are 
unfavourable, especially if the atmosphere is dry. Pneumonic plagiie, not 
being spread by this inscKjt, is not influenced by temperature in this way. 

The flea, then, communicates plague either by its fouled mandibles, 
by regurgitation, in the act of sucking, or by provoking scratching and 
consequent inoculation of the bacilli deposited in its fasces. 

The capacity of a flea's stomach is about | c.mm., and in most cases 
of human bu^nic plague there are not sufficient plague bacilli in the 
peripheral blood-stream to infect it with any r^larity, except in the 
terminal stages of fatal cases. The ^‘cbeopis index" is regarded as 
iniportant by sanitarians, i.6., the number of fleas per rat. An index of 
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over 6 is likely to produce an outbreak of .bubonic plague. The human 
flea, Pidex initans, which occurs in enormous numbers, espwially in 
Morocco, may become infected ; but there is no convincing evidence to 
show that it ever plays a dominant part in the spread of plague. 

fit Him long been known that large tracts of country and important cities in 
India, such as Madras, have remained immune from plague, though in constant 
communication with plague-infected centres. In 1914 Rothschild and Jordan 
p(wted out tiiat the rat-fleas of Indian cities belonged to three closely allied 
species — X. ckeopis^ brasUienHs^ and os^tia — and soon afterwards Hint and 
Gragg pointed out that in those districts in which plague was uncommon X. osfia 






Fig. 51. — a, Flea viewed as a transparent obiect ; the proventiicnliis 
and stomach contain a mass of pii^iie*>caltnre. fr, Flea*s stomach, 
ohstmcted by growth of piagne-cnltare. 

CBb., Distended ceeoptiaims conteininff Ireiih blood ; r.C. 01)1111111*11 iig nuuw of jplegutMuiltiiiT. 
This Sgore Htostnitce the tiietiMwi of transmliMioii of /*. by CfrmlopkpUu ftueUttmt. 
(By permiuiom of Sir C. J. Marfim, *’ Jaitm. of BIpjf.,** Ml Plagme Suj^„ Jim., 1914.) 


repiaoed X. eheopis as the common ectoparasite of the rat. From this and other 
experimental evidence it ta now assumed that this speoiea is unable to oonvey 
the fdague infection in the same manner as X. eheopis {see p. 997). 

Bumomics of the rat-flea , — In ordinary circumstances the rat-flea 
completes its developmental cycle in from fourteen days to three weeks, 
but in warm damp wither this may be shortened to ten days. It requires 
ideal tropica! conditions for propagation.^ The average life of a flea, 
separate from its host, is about tion days, but it is capable of remaining 
alive without food for two months should the temperature of the air be 
low. In tropical temperatures the insect can harbour the plague bacillus 
without feeding on blood for forty-five days. In Madagascar it has been 
shown that rat-fleas (X, eheopis) may survive in dost, and spread infection 
long aft^r the bodies of the aefunct rats have disappeared. 

Api^ from the v^ serious danger arising from vermin infeeted with 
ebx^e plague, which may hang al^t a house, the bouse ite^ does not 
retain the infectioD for any len^ of time. The Plague Commissioii has 
shown that floors of cow-dong contaminated with P. pestu do not remain 

* X, eSmpSt tmn SomWi In nocOMti ooutitHiin In mipsrhmisd bomm smd fnctmlM, m iu tJJSUL nod 
— ^ nm doHns the wlntiT 
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infective for more than forty^eight hours, and that floors of “ chunam ” 
cease to be so in twenty-four hours. 

Evidence of rat-mortality is not always conspicuous, even when the 
epi^odtic is sevete. Dead rats may not be found in the open, but many 
may be discovered if search is made in the right places. Black rats which 
live in the roofs of native houses usually fall down on to the $oor when 
stricken with plague. 

Pathology. — After death from plague the surface of the body very frequently 
presents numerous ecch3m[iotio spots or patches. The number and extent of 
these vary, apparently, in different epidemics. In some epidemics the cutaneous 
haemorrhages have been both extennve and numerous. The characteristic 
buboes are generally apparent ; occasionally there are also furuncles, pustules, 
and abscesses. Rigor mortis is usually moderate ; sometimes post-mortem 
muscular contractions, like those in cholera, take place. Post-mortem rise of 
temperature is often observed. Decomposition is said to set in early. 

The characteristic appearance of pli^e in a necropsy is that of engorgement 
and haemorrhage, nearly every organ of the body participating more or less. 
There is also parenchymatous degeneration in most of the organs. The brain, 
spinal cord, and their meninges are markedly congested, and there may’ be an 
increase of subarachnoid and ventricular fluid. There are numerous and pro- 
nounced ponota cruenta on the brain sections ; occasionally there may be 
considerable extravasations of blood into the substance of the brain (mesen- 
cephalon and medulla oblongata). 

Eochymoses are common in all serous surfaces ; the contents of the different 
serous cavities may be sanguineous. Extensive hssmorrhages are occasionally 
found in the peritoneum, mediastinum, trachea, bowel, stomach, pelvis of kidney, 
ureter, bladder, or in the pleural cavities. The lung frequently shows evidences 
of bronchitis and hypostatic pneumonia ; sometimes hsemorrhagic infarcts and 
abscesses are found. The right side of the heart and the great veins are usually 
distended with feebly coagulated or fluid blood. In pneumonic plague the 
superficial lymphatic glands are not enlarged ; the pleural cavities contain 
blood-stained serum ; the infected lungs are deeply congested and (edematous, 
and at a later stage pneumcmio consolidation is found. The bronchi contain 
blood-stained serum, and the bronchial glands are swollen and hsamorrhagic. 

The liver is congested and swollen and its cells are degenerated and may be 
the seat of miliary plague abscesses. The spleen is enlarg^ to two or three times 
its normal sixe. llie kidneys are in a similar condition. The mucosa of the 
alimentary canal as a whole is congested, showing here and there punctate 
eochymotic effusions and, occasionally, hfemorrhagic erosions, and even-especially 
about the ileo-cncal valve — ^ulcerations. 

The lymphatic system is always involved ; around the glands there is much 
exudation and hmacsrrhaglc effusion, with hyperplasia of the gland-cells, and an 
enormous muHiplioation of plague bacilli. 

Symptoms. Incubaticm feriod^Sympiom^ of plague begin to show 
themselves after an incubation period of from 2-8, rarely 15 days. 

The ctmrage ctue oj plague : prodromal stage, — In a certain but small propor- 
tion of cases there is a prodromal stage characterised by physical and mental 
depression, anorexia, aching of the limbs, feelings of chillmess, giddiness, pal- 
pitations, and sometimes dull pains in the groin at the seat of the future bubo. 

PesHs minor, or ambukdory Abortive or ambulatory cases of 

bulnmic plane have been reported in connection with almost every 
true outbid of the disease, and in some constitute a high proportion. 
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Joltraiu reported several of these cases in the Paris outbreak of 1920 
and also in Algeria ; Leger described similar cases in Dakar, and Fonquernie 
in Madagascar. Clinically these cases present mild, general febrile syinp- 
tonis with a bubo, and when that suppurates the temperature falls and 
the patient recovers. The diagnosis may be difficult because the plague 
bacillus may be very scanty in the pus. The differential diagnosis has to 
be made from climatic bubo {Lyniflvagranuloina ing^iimle). 

From the clinical aspect, plague in man can be divided into the following 
varieties : — (1) Bubonic (2) Septic®mic (8) Pneumonic and (4) Meningeal. 

Bubonic plague. — This is the most common form and constitutes 
about three-quarters of the total number. The incubation period is 
usually very short ; generally virithin twenty-four hours the characteristic 
bubo, or buboes, develop. Generally (in 70 per cent.) the Imbo appears 
in the groin, especially on the right side and affecting one or more of the 
femoral glands ; less frequently (20 per cent.) the axillary : more rarely 
still (10 per cent,, especially seen in cliildren) the subinaxillary lymphatic 
glands may be the seat of the bubo, and the tonsil may be the primary 
focus of infection. In rare instances cervical buboes may actually result. 
Buboes are usually single, but in about one-iight of the cases they form 
simultaneously on both sides of the lK»dy. Very rarely bul>oes form in the 
popliteal, epitrochlear, or clavicnlar glands. Occasionally they develop 
simultaneously in different parts of the body. A curious jxiiiit rioted in 
North W(M?t America is that in squirrel-conveyed plague axillar}' buboes 
are common. Plague bubcx^ vary very much in sixe. Soinetiim^ they 
are not as large as a walnut ; in others again they may as large as a 
goose’s egg. Pain may be very severe, but sometiiiu»s it is hardly felt. 
Besides the enlargement of the gland there is, in most iiistanct^, con- 
siderable pericellular infiltration and (edema. 

Stage qfjever . — The stage of invasion may last ftir a day or two vrithout 
serions pyrexia, but usually it is much shorter, or it may be altogether 
absent. The disease usually develops abniptly, without a definite rigor 
or other warning, the thermometer rising rapidly to or 104®, or 
even to 107® F., with corresponding acceleration of temperature and pulse. 
The temperature usually falls after three or four days and then rises 
again. The skin is now dry and burning, with bloah^d face ; the eyes 
congested, sunken and staring ; hearing is dulled. The tongue is swollen, 
covered with thick cw^iny fur, which dries rapidly and swni becomes 
brown or almost black. Sordes form on the t^th and about tfie lips 
and nostrils. Thirst is intense ; prostration extreme, whilst from utter 
debility the voice is reduced to a whisper. 'Sometimes there is wildly 
tatuous delirium, or it may be of the low muttering type. 

Coma, convulsions — sometimes tetanic; — retention of urine, subsultus 
tendinnm and other nervous phenomena ensue. Vomiting is in certain 
easM very fre^ent. Some patients are constipated, but in others there 
is diairboea. The spleen and liver are usually enlarg^. Urine is scanty, 
but rarely contains more than a trace of albumin. The pulse, at first 
full and bounding, in the majority rapidly loses tone, becoming small, 
frequent, flutterii^, dicrotic and intermittent. In the later st^es the 
heart is usually dilated, the first sound being feeble or almnt altogether. 
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H»morrhago8 are seen on the mucuous membranes in severe cases. 
There is usually a polymorphonuclear leucocytosis. 

Stage of recovery . — In favourable cases, sooner or later, after or without 
the appearance of the bubo, the constitutional symptoms abate with 
the setting in of profuse perspiration. The tongue begins to moisten, 
the pulse-rate and temperature to fall, and the delirium to abate. The 
bubo, however, continues to enlarge and to soften. After a few days, 
if not incised, it bursts and discharges pus and sloughs — sometimes very 
ill-smelling. In rare instances suppuration is delayed for weeks ; whilst 
in some the bubo subsides after a few weeks, or perhaps months, without 
having broken down. The sores left by the buboes and abscesses of 
plague are extremely indolent and may take months to heal. Owing 
to contracture and fibrosis of lymphatic tissue, oedema of the leg on the 
affected side usually supervenes. Convalescence sets in some time between 
the sixth and tenth day, although it may be delayed for a fortnight or 
three weeks. 

Skin affections . — In a very small proportion of cases what are usually 
described as carbuncles, which are in reality small patches of moist 
gangrenous skin that may gradually involve^ a large area, develop on 
cliffiTent parts of the interment. These occur either in the early stage 
or late. Sometimes they slough and lead to extensive gangrene. 

Kirk and Crawford have described a g(*neralized papular rash on the 
hands, feet and pectoral region. Should life be continued sufficiently 
long, the ve8ich>H btK*ome convert*^ into pustiiU^s n^sembling smallpox. 
These observations confirm in a remarkable manner, as MacArthur has 
p<»inted out, the old writers who d(*8crihed manifestations, in the Plague 
c»f London of 1665, as “ blains.'’ 

Voniflicaiwns . — Occasionally a py»nuc condition, with boils, abscesses, 
cellulitis, parotitis, or swondary adenitis, succetHls the primary fever. 
During convalescence tragic sudden cardiac failure is not uncommon. 
Secondary pneumonic plague with bKK>d-stained sputum may supervene, 
but the patient may recover. 

Haemorrhages of different kinds are not an unusual feature of plague — 
(‘cchyinotic effusions of a purplish or dnll-nni tint, varying in size from 
a hemp-seed to halt an inch in diameter. Tht^e are found frequently 
in certain malignant epidemics. 

Al)ortion almost invariably occurs in pregnant womt*n ; the foetus 
sometimes shows signs of the disease. 

Death may take place at any time. Usually it occurs betweeri the 
third and filth day, w’ith symptoms of profound ad 3 mamia, heart-failure, 
or perhaps from convulsions, from coma, from internal haemorrhage or, 
later, from exhaustion consequent upon prolonged fever or suppuration, 
or from seeemdary haemorrhages. 

Septicamic plague, or pestis siderans. — hi this type there is no special 
enlargement of the Ijrmphatic glands during life, altliough after death 
throughout the body they are somewhat enlarged amd congested. The 
Wgh degree of virulence and the rapid course of the disease depend on the 
entry of large numbers of the ba^IU into tJie blood, where they can be 
really found during fife. The patient is prostrated from the outset ; he 
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is pale and apathetic ; there is generally little febrile reaction (100® F.). 
Great weakness, delirium, picking of the bed-clothes, stupor and coma end 
in death on the first, second, or third day, or, it may be, later. Frequently 
in these cases there are hsemorrhages. 

It is probable that in many cases of bubonic plague there is some degree 
of septicamia, and that in a minority of cases tWs may progress to the 
full septicsBmic type, or may give rise to plague pneumonia. 

Pneumonic plague. — This occurs frequently in epidemic form among 
the marmot- trappers of Northern China, who live under very insanitai^ 
conditions, but may occur spontancMJiisIy wherever the bubonic form is 
found. It is especially dangerous to the patients, attendants, and 
visitors, because of the multitude of bacilli which are scatt<>red about 
in the patient’s expectoration, and because the clinical symptoms are 
unlike those of typical plague and are apt to be mistaken for some ordinary 
form of lung disease. The illness commences with rigor, malaise, intense 
headache, vomiting, general pains, fever, and intense prostration. In 
the early stages there may be little to suggest pneumonic plague, except 
the marked discrepancy between the almost negligible physical signs 
and the gravity of the patient’s condition. Cough and dyspnoea set 
in, accompanied by a profuse, watery, blood-tinged sputum. The sputum 
is not viscid and rusty, as in ordinary pneumonia. From the outset 
clouding of consciousness is very marked. Moist r&les are audible at 
the ba^ of the lungs, the bn^athing becomes hurried, other symptoms 
rapidly become worsts delirium sets in, and the patient usually dies on 
the fourth or fifth day. This is the most fatal as well as the most directly 
infectious form of plague. A single authentic recovery has recently been 
reported from South Africa (Clark and Goldl>erg, 1648). Epidemicsof 50,000 
and more cases have occurred in Manchuria, where the plague bacillus 
exists as an intestinal infection in the marmot, which acts as a reservoir 
of the virus. Pneumonic plague has been recorded from Nigeria, the Gold 
Coast, Ecuador, New Orleans and elsewhere. In these countries biemor- 
rhage into the intestinal canal occurs in about 8 per cent, of plague-infected 
rats and the organism is passed out in the ffeces ; in this manner the plague 
bacillus can be disseminated in dust and inspired by man directly into the 
lungs. (Connal and Paisley.) Murdock believes that seconds^ plague 
pneumonia occurs in a proportion of patients with bulionic plague and 
that the disease is then spread by droplet infection and inhalation. 
Pneumonic plague is exceedingly dangerous to nurses and others in contact 
with the patients. 

It has been pointed out by Kellog that, whereas in rat-home plague 
pneumonia is rare, in squirrel plague it is the reverse. 

Meningeal plague. — Chronic relapsing meningeal plague was described 
by Meyer and colleagues in California (198^. Signs and symptoms of 
meningo-encepbalitis were exliibited with pjmxia. P. pisUf ^ 
mlated from the blood and cerebrospinal fluid. "Previously, memn^tic 
involvemmt was recorded between the tenth and twentieth dajrs in patimits 
who survived as long as that. 

Rd^paaa^Belapses have been recorded in bubonic plague and are 
^pedally dangerous. 
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Mortality. — The case-mortality of bubonic plague varies in different 
epidemics. It is usually greatest at the beginning and height of the 
epidemic. The death-rate may be anything from ^ to 95 per cent, of 
those attacked. Much appears to depend on the social condition of 
the patient and the attention and nursing available. Thus, in a Hong 
Kong epidemic, while the case-mortality among the indifferently fed, 
overcrowded, unwashed, and almost unnursed Chinese amounted to 
98-4 per cent., it was only 77 per cent, among the Indians, 60 per cent, 
among the Japanese, and 18*2 per cent, among the Europeans — ^a gradation 
in general correspondence with the social and hygienic conditions of the 
different nationalities. In the South American epidemics and in the 
recent circumscribed epidemics in Europe the mortality was only about 
one-third of that in India and China. Pneumonic plague is generally 
fatal in from three to four days. Van den Berg and Vos report that in 
an epidemic in Java (1980) in 66 cases of plague the mortality was 76 
per cent. ITie sixteen who recovered had all lieen suffering from bubonic 
plague. The chances of recovery were somewhat better in men than in 
women. In this series there were 57 cases of bubonic plague, two of 
plague ulcers, 29 of septicsemic plague, and one of primary plague 
pneumonia. 

Diagnosis. — Fever and adenitis during a plague epidemic must 
invariably be viewed with suspicion, and particularly if the fever rapidly 
assumes an adynamic charact^er. In the early stages diagnosis may be 
very doubtful, especially in pneumonic plague, and in the countries of 
high fflarial endeinicity in which filarial adenitis is common. BliX)d- 
cultim^ was recommended by Onoto, by inoculating blood into broth 
fumtainiug 1 j)er cent, of fU)diuni citrate. Rosier stated that in Java 
splenic puiictim^ is valuable in establishing a diagnosis and is not opposed 
by the native population. Junior and de Albuquerque described an 
allergic skin test for which an emulsion of infiM^ted guinea-pig lymph 
gland is used. In Western America the differentiation of mild cases 
of plague from tuianemia is important (p. 281), The discovery of the 
bacillus in the glands, blood, sputum, or discharges is the only thoroughly 
reliable test. Should a ciKico-bacillus be found with the characteristic 
bipolar staining, it should be cultivated by Haffkine's method in broth 
on which clarified butter (ghee) or coco-nut oil is floated (see p. 255), 
In case of doubt, animal inoculation should be used ; a little of the virus 
from the patient or a culture is rubbed into a shaven area (1 in. square) 
on the al>domen of a white rat or a guinea-pig. P. pesHs inoculated in 
this way kills the guinea-pig in seven days, the rat sooner, and white 
mice in forty-eight hours. The latter may be inoculated at the root of 
the tail. 

Post-moHem indieaiums of pktffue in ike rol. — Before rats suspected of being 
plague-inlbo^ are handled, they should be immersed in disinfeotant to destroy 
ectoparmsileii. 

The lymphatio glands should be first exposed. If the rat Is infooted, sub- 
cutaneous injeotkm around the ghuids is generally recognisable. If the gland 
is itself inflamedf thhi k almost diagnosrio of pk^ ; the liver will be yellow, 
sprinlded with innummble pinky-white granu^ The queen is enlarged, 
congested, snd ooeakonally granuhtf. The serous membranes are of dull lustre 
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with petechial or diffuse hemorrhages. Serous or blood-stained serous effusions 
are present in 72 per cent, of such rats ; if, on microscopical examination of 
scrapings hrom glands or spleen, bipolar-staining bacilli are detected, the case 
is probably plague. Too great stress must not be laid on bipolar staining alone, 
as this feature depends somewhat on the method ; it is best demonstrated by the 
Leishman eosinazur stain. P. peMis persists for a long period in the bone marrow 
of plague rats, even after putrefaction has set in. 

P. petiiSy P, pseudoiuberculosis rodeniium and P. atnsepiica closely resemble 
each other and are scarcely distinguishable by the usual cultural methc^, but the 
latter two have no “ envelope substance,” though they have a common antigen 
with P. pesiis. None coagulates milk, but in agar P. peMis produces a more 
glistening membranous growth. P. patudUyhereukms rodeniium produces a 
clear, yellowish growth on potato. On Drigalski medium it producer blue 
colonies, and P. peelis reddish ones. P. pseudolubercuUms readily asscK'iates itself 
with the production of smooth and rough colonies with all degrt^e of transitions 
between them. The smooth colonies show closest association to P. pestis arwl 
are the most virulent. P. aviseplica pitKlut^es indol and does not reduce methyl 
red. 

The most satisfactory means of differentiation is animal inoculation. Rabbits, 
guinea-pigs, and white mice are susceptible to B, patudoiubercukmH^ but white 
rats are not. The Indian Plague Commission laid stress on the latter point, 
as these animals are instantly killed by P. pesiis. These organisms belong to the 
ha^orrhagic septicaemia group. 

Rodent plague and fleas. — In the investigation of rodent plague the inoculation 
into animals of pooled fleas is important. Cyanide gas is the Ijest method of 
collecting fleas ^m rodents. The long bones of rodents may Ih* sent to the 
laboratory for culture tests of marrow. 

Differential diagnosis. — Bubonic plague has 8t>inetimt*8 to \n* 
distinguished from other afft^ctions associated with i*filargrHi glands, such 
as streptococcal infections, lymphogranulomn inguinale, litarial adenitis, 
and occasionally from an antlxrax pustule. 

In filarial and streptococcal infections lymphangitis tracks are usually 
visible, but in bubonic plague there is usually no visible sign of the primary 
infection. In glandular fever the cenical glands are as a rule primarily 
affected and there is an excess of heterophil aniiboditts in the serum (goat’s 
corpuscle test). 

Generalized pustular plague has to be differentiated from chickenp^>x 
or smallpox ; carbuncuiar plague may be mistaken for anthrax ; and 
sepiicffimic plague may be confused with typhus and subteriian malaria. 
In the Uniti^ States, North Europ#? and Kussia^ tulanemia may resemble 
plague. 

Pneumonic plague differs from other forms of pneumonia in three 
main characteristics : (1) The patient is extremely prostrated, although 
his critical state can hardly be accounted for by such physical signs as 
are present in the chest ; but by the time definite involvement of the 
hng can b^ demonstrated, he generally dies. (2) The sputum is wate^, 
never thick, and soon becomes very blood-stained. (8) Pleural effusion 
is usually present in plague pneumonia. 

Tkwtment* — The treatment of plague is mainly symptomatio. The 
astbeuio tendencies of the disease must ever be borne in mind, and 
depresswt remedies of all kinds carefully avoided* 
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During the earlier stages, when headache and perhaps high fever are 
urgent, much relief inay be obtained from ice-bags to the head and neck. 
If it be deemed advisable to attempt to lower the temperature, sponging 
the body every hour with warm water -is a much safer measure than 
antipyrin and similar dnigs. Vomiting is usually relieved by a full dose 
of calomel followed by a saline. If not, or if diarrhoea be present, Lowson 
recommended ice pills and an effervescing mixture containing morphia 
and hydrocyanic acid. Sinapisms to the epigastrium are useful. In 
collapse, stimulants of various kinds, including strong ammonia to the 
nostrils, and ether hypodermically, are indicak^d ; they sometimes succeed 
in resuscitating a sinking patient. Given with judgment, morphia is 
by far the best hypnotic. Hyoscine to gr.) or chloral (20 gr.) and 
bromide of potassium (80 gr.) are of service for the same purpose. 
Diarrhma, if urgent, is Ix^st treated by intestinal antiseptics, such as 
salol. in 10-gr. doses every four hours. 

The bubof*s Ui the early stage may be treated with applications of 
glycerin and belladonna. Should they become red and inflamed, they 
must be poulticed and, when they soften, incised and dressed with iodoform. 
Indolent bubonic swellings should be treated with iodine liniment. The 
injection dirK'tly into the Imboes of iodine and a solution of camphor 
and thymol mixed in equal parts, in dosi^s of J to 1 c.c., according to the 
ag<* of the patient, has lKM»n advocated. Intravenous injections of iodine 
have gaiiuHl a certain reputation. A 1 per cent, solution with double 
the amount of potassium iodide is advised in doses of 5 to 10 c.c. daily 
for four days. 

Serum -therapy, — Yersin, Calmette, and Borrel immunized a horse by 
intravenous injections of living virulent cultures and produced an effective 
antiserum. In s<>ptieiemic plague it must l>e given intravenously in large 
doses (100 250 c.c.), and freqiH*ntly repeated, but, to be effective, must be 
administered early in the course of the disease. Anti-plague stTiim has been 
tried in India, and Dawson reported that in bubonic plague, in doses of 
80-40 c.c., the rt^sults have l)een encouraging. Injections in and around 
the bubo were* adv^ocated by Bonebakker. K.V., an avinilent strain of 
P. pestw, is used for producing this serum. 

SulphoTuimuies. — Durand, Girard, SchiUze* and others showed that 
certain sulphonamides, es[)e(nally sulphapyricline, protect mice infected 
with plague, if combined with anti-plague serum. According to Sokliey 
and Dikshit, sulphathiazole has showm itself superior to sniphapyridine 
in the treatment of human plague. Kamal found ^ combination of serum 
with sulphapyridine best in the treatment of the bubonic form. Wagle 
and liis colleagues published a report on 287 patients, of whom those 
tmatod with sulphathiazole showed a significant reduction in mortality as 
compared with those treated by other methods. 

G^eral prophylaxis.— The prophylaxis of plague, as of other 
infectious diseases, has to be consider^ from the standpoint of the 
community and also from that of the individual. It includes measur^ 
for preventing the introduction of P. pesfis, for staying its spread if 
intri^uoed, and for securing its destmetion. 

Quataniim . — Modem systems of land or sea quarantine directed against 
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plague take cogniaance of the facts that the incubation period of the 
dis^B^ may extend to ten days, and that plague may affect certain of the 
lower animals as well as man. Ten days is the minimum period that 
should elapse from the time of departure from an infected place, the 
date of the last death, or the arrival of a ship or batch of travellers with 
cases of plague among them, before granting free pratique. 

The eradication of rats from ships requires special measures. Sulphur 
dioxide may be used in concentration of 2 per cent., either as 8 lb. oi 
roll sulphur or 4 lb. of liquid sulphur dioxide per 1,000 cubic feet. In 
the Clayton system, which has never been extensively used in British 
ports, sulphur is burned in a furnace and the gas propelled by fans through- 
out the ^ps. 

Hydrogen cyanide is being more extensively employed. Under proper 
supervision it is comparatively safe and has decided advantages over 
sulphur, as it does not tarnish metals or damage articles. Hydrogen 
cyanide diffuses slowly. Small amounts which may be absorbed are 
rapidly evolved and oxidised on exposure to air or during cooking. 
Hydr<^en cyanide may be generated either by pumping liquid HCN from 
cylinders or by throwing glass ampoules into holds, or from outride by the 
Glen Liston apparatus. “ Discoids,” wood pulp discs saturated with 
I oz. HCN, may be used. Caldum cyanide dust (known in the trade as 
Calcid or Cyanogas) in a dusting apparatus will disknlge rats from deck 
fittings and lifelxiats, or may be blown as a fine powder through a nibljer 
tube behind panellings. 

The proprietary article “ Zyklon consists of highly absorbc?nt material 
saturate with l^hrymatory gas. It is supplied in hermetically-sealed 
tins and after fumigation may be disposed of as refuse. 

The Nocht-Giemsa method of fumigation consists of a mixture of 
carbon monoxide and carbon dioxide generated from incandescent coke 
driven into the ship. 

For fumigation the ship is divided into sections each of which is measured 
by volume. Watei-bottles and cabin water-tanks are emptied, moist 
food removed and mattresses turned on edge. All aperiurt^ are sealed. 
Danger boards are prominently displayed. Ships may be fumigated 
load^ or unloaded. A plague infected ship should be treated before 
uiiloading. 

. When plague breaks out in a small village oommiiniiy, as soon as the 
disease is recognized, measures should l>e taken to prevent the inhabitants 
leaving the locality and thus disseminating it. There is little dang^ 
of this until the inhabitants become alan^ by a rapid extension of 
the disease. If possible, after the patients have l^n isolated in a special 
hospital, the village should be evacuated for a month. The safest and 
most thorou^ form of disinfeetion is by fire, and in an isolated village 
prompt burning of the infected bouses is the surest metiiod of stamping 
out the infectkm. The clothes and bedding of all patmts should be 
burned. The dead should, with as little delay as poMble, be buried in 
deep ^ves or (cremated. Isolated observaticm eam^ should be organized# 
in wt^ ** susp^ts and contacts '* miv be segregated for a time equal 
at leaet to the incubation period of the disease. War should be weged 
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gainst all rats and mice, and their corpses burned. This is specially 
important in rat>infested quarters of Eastern towns, bazaars, grain stores, 
go-downs, etc. 

In an outbreak in a town, it must be borne in mind that plague, once 
established in human beings, is communicable to others and to rats by 
the expectoration, and by discharges from the buboes or glandular 
swellings ; and that a plague in rats usually precedes plague in human 
beings. The main efforts should be directed towards destruction of rats 
by methods detailed on pp. 275-276, In addition, therefore, to prompt 
notification of plague patients, a system designed to obtain information 
on plague in rats should be instituted. Every rat destroyed must be 
bacteriologically examined. 

After death the rat is treated with Flit or soaked in lysol. Smears are made 
from lymph glands, liver and spleen, and stained by Leishman. Broquet's 
medium (calcium carbonate 2 ; glycerine 20 ; distilled water 80 parts) is a good 
preservative for fleas and permits isolation of P. peatis after six days. 

For the detection of plague-infected houses, guinea-pigs, which do 
not harlx>ur fleas as a rule, are turned loose in warehouses as convenient 
traps for rat-fleas. 

In Lidia the compulsory inspection of all dead bodies before burial 
has been found a valuable measure for discovering infected houses and 
locaUtiiis. 

Destruction of vemtin and other measures in anticipation of itve iniroduciion 
of plague virus , — The cauipaign against rats is usually carried on by 
rat-traps and rat-catchers, and the cautious laying down of poisons such 
as arsenic, phosphorus, and baryta. As no one method is satisfactory, 
it is usual to employ several at the same time. The pumping of SO* 
gas under pressure is useful for warehouses. So long as the sulphurous- 
acid gas is dry and not used on damp articles, no damage is done to 
merchandise. Care has to be taken with damp things, as they may get 
discoloured. 

Where possible, houses and warehouses should be made rat-proof — 
not an easy measure, considering the burrowing and climbing habits of 
the rat. Hatius norvegicus can penetrate ordinary lime-mortar or soft 
brick, but is stopped by cement and concrete. Its burrows may attain 
a depth of IB in., but ItaUus ratius is not so active in this respect. Simpson 
recommended that walls should be at least 6 in. thick when made of 
hard brick or concrete, and that they should extend to not less than 18 in. 
below the level of the ground floor, and the latter should be paved with 
concrete 8 in. thick, covered with | in. of cement. All ventilators should 
be protected with iron gratings, and all openings around wires and pipes 
cemented. In New Orleans some warehouses are elevated, leaving a 
clear open space breath : in others an impervious wall is built around 
the ground floor, penetrating 2 ft. into the ground. In a third, and a 
most effective type, the ground floor is laid out in concrete with a protective 
wall round the edj^ sinking 2 ft. into the ground. The moormg cables 
of ships should be shielded m such a way as to prevent egress or ingr^ 
of rats, and all gangways should be taken up at night or vdien not in 
use. Native food^tores are, as a rule, set out on poles and can be protected 
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from rat-invasion by suitable wooden discs. Sprinkling chloride of lime 
in the vicinity of the burrows has a deterrent effect. House improvement 
as an antiplc^e measure has been officially adopted by the government 
in Java since 1914 and, though costly begin with, has proved economical 
in the long run. In some districts the principle of voluntary house improve- 
ment was adopted. No compulsion was exercised, other than official 
propaganda. The result is claimed as a complete success. Plague 
has d^ppeared and the population is contented. Compulsory inspection, 
condemnation of houses, spleen puncture after death in suspectcKl cases 
and isolation of contacts are unpopular measures. 

In South Afiica rigorous measures have been adopted by the Health Department 
to prevent the spread of rodent plague ; it has endeavoured, apparently with 
success, to place a gerbUle-fi^ belt between the mountain range and the sea. 
Gangs, working under departmental rodent officers, employ two main methods — 
poisoning and gassing. The poisoning is effected by dropping strychnine* 
impregnated grain into gerbille burrows. Near homesteads, a Capex cartridge 
is lighted, plunged into a burrow and the opening closed anth earth. Meyer 
has shown that methyl bromide, sprayed at the rate of 10 e.c. per burrow -oj^ening, 
is efficient in controlling burrowing r^ents and their fleas. C^are, however, must 
be taken in its application. 

Prophylactic meeisures based on a consideration of the flea fauna. — Should 
further research prove the inability of XenopsyUa astia to transmit plague, 
it should be possible to divide a country into potential and non-potential 
plague zones by a survey of the rat-flea population. The energies of 
the Sanitary Department can by these means be focused on the danger 
spots. 

Personal prophylaxis. — All unnecessary visits, either to plague 
patients or plague neighbourhoods, should be, if possible, prevented 
Attendants on the sick ought to take care that the ventilation of the 
sick-room is thorough, -that cubic space is abundant, and that the utmost 
cleanliness is practised. Nurses must not hang over patients unneces- 
sarily ; they must also be careful to seal up and cover any wounds, no 
matter how trifling, on their own bands. Stools and urine must be 
disinfected^ and hands frequently washed. To obviate risk from wounds 
and to prevent the access of fleas, those engaged on plague duties should 
wear and have the legs protected by trousers tied tightly round 

the ankles or, better, by puttees. Leather gloves are advisable if there 
is much handling of furniture or of anything likely to abrade the skin. 
In the interests of public health it is imperative to isolate all cases of 
bubonic wd septiciemic plague and their contacts. 

The attendants on pneumonic cases should provide themselves with 
masks of muslin, three- or four-fold, changed when at all damp, and also 
with goggles to protect the eyes. In Mukden a mask of absorbent cotton- 
wool (16 by 12 cm.) enclos^ in muslin, and retained in position by a 
many-tail^ gauze bandage, together with goffijles, rubber gloves, and 
cottra uniform, proved tborou^ily effective. Evacuation of the people 
from insanitary and overcrowded dwellings and their installation in camps 
idmre better hygienic conditions can be arranged is imperative. GhurcheSi 
idiools and theatres most be closed. Cordons within the affect^ area, 



PROPHYLACTIC INOCULATION 278 

to limit the infection to a circumscribed portion, may assist. In pneumonic 
plague epidemics general inoculation with plague vaccine is advisable. 

Prophylactic inoculation. UaffHne*s inoculations . — Early during the 
Bombay epidemic Haffkine introduced a system of prophylactic inoculation 
which is of proved value, both in reducing the number attacked with plague 
from 77 to 85 per cent., and in diminishing by 80 per cent, the mortality in 
those attacked. It consists essentially in the subcutaneous injection of six< 
weeks* -old cultures of plague bacilli incubated at 25-30^ C. and killed by heat — 
05^ O. for one hour ; carbolic acid 0*5 per cent, is then added ; up to 4 c.c. is 
injected according to the size and age 6f the individual. The IndUin Plague 
Commission reported strongly in favour of these inoculations, which furnish 
a protection that lasts about twenty months. Glen Liston stated that in the 
inoculated the incidence of plague was 8 per 1 ,000 of the population concerned, 
whereas it was 34 per 1 ,000 in the uninoeulated in the same communities ; the 
case- mortality in the inoculated was 39*5 per 100 attacked ; in the uninoculated 
78 per 100. The best results are obtained from a two-months’ growth of P. pestis 
has been stored about eighteen months. It needs great care in its preparation. 
Its storage in hermeticaUy sealed bottles should be insisted upon, and every 
l>ottle ought to be tested before use. The resulting reaction is sometimes severe. 
The efficacy of the vaccine depends upon the virulence of the bacilli composing it ; 
cultures made from non -virulent strains are useless. The potency of plague 
vaccine is enhanced by the incubation of plague cultures at 37^ C. in place of 26° C. 

So far, Haffkine ’s prophylactic is the one most frequently used and gives 
the best results. In 1927, 90,(H)0 inoculations with plague vaccine prepared 
at the £ntebl>e laboratories were administered in Uganda. As an index of its 
efficacy it was noted that amongst 232 cases subsequently attacked by plague 
the recovery -rate W'as 40 per cent. 

Those in attendance on plague ))atient8 should receive 20 c.c. of Yersin’s 
anti-plague serum, and 3 c.c. of Haffkine’s vaccine on the same day ; ten days 
later a second dose of vaccine should l)e given. Attendants should wear lysol- 
impregnated gowns fastened at the wTist, ankles and peck, rubber gloves and 
gum-l^ts. TTiey should not shave, but they should disinfect themselves and 
their clothes daily. 

Prophylactic inoculation with aviruUmi livinq plague bacilli was practised 
in Java by de Vogel and Otten. The smooth variety on culture has been 
used as antigen, and 400,000 persons were immunized in this manner 
without incident or accident. The plague strain ** tjiwidej was discovered 
by accident, and is so avimlent that both rat and guinea-pig can with- 
stand a whole culture when inoculated. The animal experiments shew 
much better immunity with tliis living vaccine than that obtained with 
dead cultures. Otten’s nietliod was commenced in 1985 and up to 1989 
total injections numbered 9,286,287. Excellent results have been obtained 
and the present decline in the epidemic is attributed chiefly to this vaccine. 
The moi^ity in the vaccinated fell to about 20 per cent. Girard reported 
upon shnilar results obtained with his living vaccine in Madagascar. Passa 
recorded that in that island cases of plague fell from 8498 in 1985 to 918 
in 1987. Van Hoof used this method extensively in the Belgian Congo. 

An oral plague vaccine (PesUdo) has been prepared by Poulenc Pr^res and is well 
taken by natives who object to inoouktion, but the results are unsatisketory. 
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Description op the Commoner Speoie§ op Bats concerned in the 
' Spread op Plague 

The spread of plague and epizootics amongst rats seems to be primarily 
by the fierce JB. noroegicus. The more delicate R, rattus receives its infec- 
tion from the former, the sewer rat. Both these species are pestigenic. 
When the rat dies the fleas desert the body and seek a new host ; thus if a 
sewer rat (R. noroegicus) dies in the basement, the fleas attach themselves 
to the black house rat (R. rattus), and are spread to human beings. 

Tertns employed. — Rodents which capable of being infected with plague 

are divided into pestiferous and pestigenic ; thus the common mouse is a pestifer, 
but is not ordinarily a transmitter. Selvatic (or sylvatic) plague is the plague of 
the hinterland. In North Africa, for instance, plague of the “ bled ” of Tunisia 
has been regarded as selvatic and due to desert rodents ; further south in the 
Sahara a mouse {Psammomys roudairei), though predominant and a very sus- 
ceptible animal, has hitherto not been affected. 

An intimate knowledge of the appearance and habits of the many 
species of rats is hardly necessary to the tropical specialist : considering 
the important role several species play in the spread of plague he should, 
however, be able to identify the more domestic varieties. For this purpose 
the following Table, contributed by M. A. C. Hinton, will be found useful : 

Rattus rattus, Linn.— The black rat. Build slender ; muzzle sharp ; ears 
large, translucent, cover eyes when folded down ; tail usually long, never much 
shorter than head and body ; coarse hair on rump ; hind foot (heel to tip of 
longest toe, without claw) E5-40 mm. ; weight of adults rarely more than 8 oz. 
Indigenous, wild, more or less arboreal in Indo- Burmese countries. In tropics 
generally dominant domestic rat in houses and shifts. The chief domestic 
races are distinguished as follows : 

A. Back reddish or greyish-brown. 

o. Under parts pure white or pale lemon. R.r.frugivorusRnL{^teeiorum), 
Common in Mediterranean r^on. R. r. kijabius. Uganda. 

6. Under parts darkened. 

a^. Ventral hairs with rusty tips. R. r. rufescens Gray. Common 
rat of Indian houses. 

6*. Ventral hairs without rusty tips. R. r. dUjcandrinus Geoff. 

B. Back black ; under parts dusky or slate-grey. R. r. raUus Linn. 
Essentially a domestic form which has been evolved in cold temperate 
countries. 

N.B. — ^The black rat tends to be brown in the tropics. 

Hie forms frugivorus, alexandrinus, and rattus Imve now acquired an almost 
worid-wide distribution ; frugivorus is the least, raUus the most modi^d race. 
These are climbing rats, common on riMps; frequent in dwellings in warm 
ooontaies, and not shunning man ; they are of especial importance ss plague- 
carrien ; attain sexual maturity eaiiy (min. wei^t sex-mature « 70 grm.) ; 
Iweed throughout the year; gestation about 21 days, but with ooneurretit 
lactstion about 31 days ; litter of from 4 to 1 1 ; average litter 5 or 6. 

Ratttts fiorregictsi, Berkenfaoist («^deiniiiia]iti8).~-The brown, gwgr of 
sewer rat. Robust; muasle blunt; ears small, opaque ; tail noticeably shorter 
than head and body ; fine hairs on rump ; hind foot 40 to 46 mm. ; weight of 
adults ecmuiioiily 17 o*., often much more ; ccdornr brown or gr*^ idiove, mwy 
below. A iiielaiiicfoim(ollen confused wfrhR.fu#M) quite common 
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Rat Destruction (Deratization) 

Terriers may be used, the rats being driven out of their holes by flooding 
from a wateroart. Cats are useful, but they are susceptible to plague. Traps of 
all description are of value, and rats readily enter a funnel-shap^ trap showing a 
light at the far end. Runs may be made with double closing doors, or gins or 
nipper traps may be placed in the path of rat-runs. One man can attend to 
100 to 200 traps a day. In towns and ports where plague exists, 40 to 50 traps 
should be set per day per 1 ,000 inhabitants. Rats wUch are caught alive roust be 
asphyxiated and then combed for fleas. The flea is placed for twenty-four hours 
in pure phenol to make it transparent, so that species and sex may be determined. 
The total number of fleas divided by the number of rats gives the “ flea-index.” 

One of the modem methods of rat destruction is the use of lithograpliic varnish 
or “ ratsticker.” The varnish is spread on a board in a place frequented by 
rats, with a piece of cheese or other material as a bait. On coming into contact 
with this substance, the rat becomes hopelessly entangled and its squeals attract 
other rodents to the rescue, so that they in .turn become trapped. Rat traps 
should not be handled, except with gloves. They may be covered with mud 
or anointed with oil of anise^, which removes the human smell. 

EUuts. — A good bait is one which differs from food usually found on the 
premises. In fish shops, meat, cheese or bread should be used. In grain stores, 
bloaters, cheese, etc. Dry bread is always acceptable, while oatmeal and tallow 
can also be used. It is said in the tropics that< tomato is specially tempting. 

Poisons* — Squill {red squill) pancakes are made with beef dripping to which 
has l>een added 20 per cent, of finely ohoppcnl Urginea mariiima (red variety). 
The pancakes are cut into baits each {-inch square. Various squill preparations 
an' on the market. Squill is mixed with equal parts of milk, and 8 lb. of bread, 
soaked, for every gallon of solution. The toxic dose for a rat is 1 *3 c.c. of a liquid 
extract. Its action on the rat is slow ; the first symptoms being excessive purging, 
thirst, and general discomfort, followed by paralysis and convulsions. Death 
is hastened by drinking. The ground-up bulbs make the best bait. On the 
basis that a rat eats one-tenth of its b^y- weight every 24 hours, each bait 
should consist of 60 gr. In autumn female rats are especially attracted by these 
methods. Powdered squill is quite dangerous to handle, and liquid extract is 
the safest preparation. 

Jiarium carbonate^ 1-2 gr. kills a rat^ Cats and chickens can stand 10-15 
gr., whilst dogs can take 100 gr. This poison drives rats to seek water so that 
they die in the open. A 10~^ per cent, mixture of barium carbonate with 
fatty basis (t.e. taJlow) forms one of the safest and most effective rat poisons. 

Zelio ” paste, or poisoned grain (Bayer), in which the grain is thoroughly 
soaked, is said to be absolutely tasteless and readily €»aten by rats. The bait is 
set at night and removed in the morning. After touching tl^ poisoned bait the 
hands should be washed. 

Effective, hut dangerous to Mock.--{a) Strychnine and barium— Battle’s vermin 
killer. (6) Arsenic and barium — ” Rough on Rats.” (c) Phosphorus — ” Ex- 
termo,” ” Rodine,” ” Farm€«'’s pasto,” ” Roth’s paste ” and “ Sandford’s paste,” 
1 n Hawaii a banana-phosphorus bait is said to be effective. Cyanide preparations 
are better than tarapping or baiting, because they idso destroy fleas. 

ParUy ^J^im hut dangeroAe to mon.-^The virus of Danysz and similar vhruaes, 
which are baoiflary in origin, vary very much in lethal efiects and have been 
known to cause “ choleraic ” symptoms in man. In the tropics they require 
ii^quent subculture. 

CuUuree, — Danysz virus and other badlli have been used with the object 
of cauiflng eplaodtlos in these rodents, but they have not been success^ on 
the whole* In South Afidoa attempts have been made to extirpate 
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gerbiUee by an organism known as the Tigw River disease {B, mmocytogenes) 
(E. G. Murray), and this has been partially successful. 

Various poisons for use in selected cases, — (a) Arsenic, 20 per cent, with meal. 
(b) Dish of oatmeal mixed with sugar, grated Parmesan cheese, and a small 
quantity of strychnine, (c) Dish of chicken heads. A pinch of strychnine 
should be placed in each neck with a drop of blood. 

Fleas 

The natural history and classification of those insects are found on 
p. 994. 
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TULARiEMIA 

Synonyms. Deer-fly Fever ; Pahvant Valley Plague ; Babbit Fever ; 
Ohara’s Disease. 

Definition. — Tularsemia is a specific infectious disease of rodents, 
caused by Bacterium (Pasteurella) tularense, and is transmitted from 
these animals to man by the bite of infected blood-sucking insects, or 
by the handling or dissection of infected jack-rabbits and other rodents. 
From group agglutination tests it appears that B. tularense is closely 
allied to the Brucella group, but has epidemiological relationship to plague, 
as both are primarily diseases of rodents conveyed to man by biting 
insects. 

History and geographical distribution. — B. tvlarense was discovered 
by McC^/oy and Chapin in 1911 in a pLague-like disease of rodents, more especially 
the ground-squirrels, of California. In 1914 Vail recognized ocular tularaemia 
in the Unite^d States, and in this case Wherry and Lamb were able, for the 
first time, to isolate the Bad. tidarense from man. The disease is more or less 
confined to the States of California, Indiana, Kentucky, Ohio, and Utah, in the 
United States. Although first found in Tulare County, California, by 1928, 650 
cases had been reported in all States in the Union, with the exception of Wis- 
consin, Washington and the New England States. In Russia, the disease has 
been recognized in native hunters of the musk-rat and the water rat, which are 
killed for their fur, and the Russian observers have noted that the infection is 
widespread amongst rodefits in places where no examples of the human disease 
have been identified. There is some evidence that it existed in Astrakan as 
early as 1877. Occasionally it may occur amongst sheep, especially in Alberta, 
Canada. The disease has been recognized in Norway, whilst Olin and Schlstedt 
found cases in Sweden, as far north as latitude 66*^ N. The source of infection is 
the arctic hare, and Chrysope discaUa is the transmitter. Diseased squirrels may 
also be responsible. Tularaemia has now been recorded in Germany (1931, 1933 
and 1936), Lower Austria (1925 and again in 1936), Czechoslovakia (1936), and 
Moravia, as well as in Turkey in Europe (1936), in Asia Minor and Japan. In 
South Moravia, thirty to forty-five da^^s before the notification of human cases, 
a great mortality was reported among field voles and hares. 

Epidemiology and endemiology. — In American endemic areas the 
disease is most prevalent in the months of June, July, and August, when 
it is conveyed by a blood-sucking fly, Chrysops disccdis, from one infected 
jack-rabbit to another. In Scandinavia and in Northern Europe most 
cases occur from July to October ; in Southern Europe and Asia Minor 
from June to August. Tularmmia is a disease of the rural population, 
particularly field workers, but it has also been recorded among dealers 
in rabbits who handle infected jack-rabbits, and those who prepare their 
skins for market. In 1924 Parker and Spencer found that the tick 
{Demicwenlor anderaoni) could act as a host and as vector of the disease 
in man and in rodents, and demonstrated that hereditary transmission 
takes place in it. They further showed that the rabbit tick {Hamaphysalis 
leporis-paluairia) acted as a vector from one rodent to another. Olin 
studied a serious outbreak of 115 cases in Sweden in 1987 which occurred 
especially among peasant women, who in summer-time go bare-footed 
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and who are stung by numerous mosquitoes, and he considered that these 
insects may act as vectors. Although in the main an insect-borne disease, 
it may be water-borne. “ Lemming fever ” in Norway is tularcBmia due 
to drinking water polluted by bodies and excreta of lemmings. In 
Montana, IJ.S.A., streams are similarly contaminated by beavers, and in 
Wyoming Ijiese animals have been found dead in large numbers from 
B. ttUarense infection. Ingestion tularsemia is contracted by eating in- 
sufficiently cooked flesh of an infected animal. 

iEtiology. — B. (PastureUa) tul4xrense is a small non-motile, Gram- 
negative organism, measuring 0 *3-0*7 in length ; when stained in the 
tissues it gives the appearance of being surrounded by a capsule. Though 
normally occurring as a rod-like structure, it fr^uently assumes a coccus 
shape. It stains best in tissue preparations with Giemsa’s stain, but in 
smears from cultures it shows up well with aniline gentian-violet. On 
account of their small size, some of the organisms pass through the coarser 
bacterial filters. 

The organism is difficult to cultivate it will not grow on plain agar or in 
bouillon, and, until recently, had been cultivated only upon the coagulated 
yolk of hen’s eggs, but Francis succeeded in producing an abundant growth 
upon serum -glucoee-cystine agar. The cystine medium is inoculated with the 
heart’s-blood of the infected animal, or a small piece of the liver or spleen is 
rubbed on the surface and allowed to remain in contact with the medium. 
Growth appears about the third day, and flourishes luxuriantly on subcultures 
without the addition of fresh animal tissue. To ensure the primary growth, 
it is necessary that a piece of animal tissue be added to the m^um. Fermen- 
tation of glucose, Isevulose, maltose and glycerine occurs, with acid formation. 

CompasUion of cystine agar, — Cystine agar consists of beef-infusion agar, 
having a pH of 7*6, to which 0*02 per cent, of cystine is added, after which it 
is sterilised for fifteen minutes in a steam sterilizer, and subsequently incubated 
for twenty -four hours to ensure sterility. 

Cultures of B, tvlarense are extracntiinariiy infectious, and should be handled 
with great care. 

In its serum reactions cross-agglutination occurs in connection with BrueeUa 
melUensis and Br. abortus. About 23 per cent, of tularaemia sera do so, and 
about 35 per cent, of undulant fever sera agglutination B, tvlarense to some 
degree. Concentrations of the organism are best obtained from eroalsions made 
from the spleens of infected mice or guinea-jngs. 

The organism is pathogenic for guinea-pigs, rabbits, white rats, mice, 
ground-squirrels (CiteUus beecheyi), gophers (Thomomys boUw), and Macaca 
monkeys ; while brown rats (B. wrveyicm), horses, calves, pigs, goats, 
cats, dogs, fowls and pigeons are found to be refractory. The organism 
can be transimtted by Ckrysops discaHs, as well as by the stable-fly 
Stomaxys ccicHrans, ^ bed-bug, Cimex leduhrius, the squirrel-flea, 
CerahphyUiu acutus, the rabbit-louse, Htemodipms verUrictmn, and the 
mouse-louse, Polyplax $erralu$. 

Ticks can also act as vectors — ix. Demacentor andenmi, D. wrioibilUf 
D, ocoidefUaHs, Ixodu fieimM, var. caBfofmem, Banks, and the rabbit 
tick {Btmtaipkysalw Four spemes of mosquito, AUbi 

and Ttiwbci^, have be^ Aown to transmit B. frilamtas .umer expmd* 
mental conditions. In Sweden ASie$ cinenms does so in nature. 
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Dermacentor andersoni is particularly important, B. tularense being 
found in the intestinal lumen, in the cells of the gut wall, in the body 
fluids, and in the fsBces. The organism is harboured throughout the 
winter months and infection is transmitted to the eggs of the tick. 

The disease occurs as a natural infection in wild rodents. In America 
the most important reservoirs of infection are the cotton-tail rabbit 
{SylvUoffus), the jack-rabbit (Lepus), and the snowshoe-rabbit (L. hcnrdi) ; 
other reservoirs are the Californian ground-squirrel, wild rats, and meadow 
mice {Microtus calif omicus). The beaver is also suspected. It is probable 
that the opossum and coyote may play a part ; also the ruffled grouse 
[Bonasa uvibellm) and the sage hen {Centrocercus urophasianus) (Montana), 
which are infected with the bird-tick, Hyalomma (nnnaharina. In fact, 
this disease has been held responsible for the disappearance of these 



Rf. 52, Tulirsmia. Sectton of liver showing aggregation of 
P. ttdarensU In bepatk cells. 

{After Prof. R. P. Strong) 


beautiful birds in parts of America. In Europe and Siberia the hare, 
rabbit, lemming, musk and water rats, the suslik, and field vole are 
reservoirs. 

Man is extremely likely to contract the disease from animals, conse- 
quently laboratory infections are very frequent. 

The nasal secretion and the urine of infected mice and rabbits are. 
infective for other animals. 

Pathology. — In animals there is usually a fatal septictiemia. The 
pathological appearances of infected guinea-pigs and rabbits at autopsy 
much resemble those of plague in the same animals. In an experimentally- 
infected guinea-pig there is heemorrhagic tndemaat the site of inoculation, 
with blood-stained peritoneal exudate, and diffusely enlarged spleen, in 
which characteristic small necrotic foci can be found. Similar lesions 
may be detected in the livw ; on microscopic section of these organs 
a dense infiltration with polymorphonuclear cells can be found, but the 
organisms can with difficulty be detected (Fig. 52). In the spleen of the 
mouse, on the otto hand, Uttle or no leucocytic respnse occurs ; and 
when stained with Twort’s light-green neutral-red stam, B. Hilairmse can 
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be readily demonstrated in large numbers. (Fig. 62.) In the few recorded 
fatal cases in man nodules have been found in the lung and spleen. 

Symptoms. — The incubation period appears to be from one to ten 
days. Unrecognized cases of tularasmia are probably common in the 
endemic areas, for it may occur as a generalized disease without local 
lesions, or local lesions may be present with secondary lymphadenitis, 
which may not cause grave constitutional disturbances. As a rule, in 
the cases which have been so far recorded, a definite fever is present. 
The onset is sudden, with headache, backache, and fleeting pains, remark- 
able lassitude, and pyrexia which may last for three weeks or more ; 
the extreme range of temperature is about 104° F. The pyrexia may 
subside to normal, or nearly so, from the third to the sixth day. The 
pains commence at some particular point, and persist for two weeks to 
a month, though localized ones of greater or lesser d^ree may recur for 
the succeeding twelve months. Epistaxis and dizziness are common ; 
weakness and lassitude persist for weeks after the pyrexia has subsided, 
and it may be months before nonnal health is restored. The spleen is 
not palpable. Typhoidal tularaemia has been observed in about 5 per cent, 
of cases. 

Such is the description of the generalized disease as it is met in man. 
When infection results from inoculation, the effect may be purely local ; 
an inflamed papule oeeurs at the site, with secondary lymphadenitis. 
After the bite of an infected chrysops, or other fly, on some exposed surface 
of the body, the onset is sudden, with pains and fever. The initial ulcer, 
which may develop within 48 hours, presents a process of diffuse necrosis 
with infiltration of the base. Sometimes subcutaneous nodules resembling 
sporotrichosis appear on the anterior and posterior aspects of the forearm 
and along the lymphatics between the ulcer and the regional glands. 
They are firm, movable and tender, and 4-10 mm. in diameter. The 
patient may he prostrated and have to retire to bed ; the lymph-glands 
draining the bitten area subsequently become inflamed and swollen, and 
suppuration may occur. Subcuticular roseolar rashes on the body and 
anns are sometimes obsen^ed in Weste^m America. Nodular and pustular 
lesions have also been recorded. 

Three cases of laboratory infection of tularemia have been recorded 
in England. Though the debilitating effect is very marked, only one 
death, in a series of seven cases reported from Utah, has been recorded, 
and this took place from apical pneumonia. There is, apparently, a 
lasting immunity in man. There is no record of a second generally 
attack, though, as in Francis himself, a local re-infection may occur. 

h^ifections of the eye and conjunctiva, causing acute conjunctivitis, 
were recorded by Vail, Lamb, and others. In America, an ocular- 
glandular process is well recognized. The primary lesion is of the con- 
junctiva and there is a regional lymphadenitis of the head and neck, 
^vere coryunctivitis results, with chemosis and cedema of the lids and 
surrounding tissues. There is now little doubt, as pointed out by Hmen- 
sidiwand (1986), tibat Parinaud*s conjunctivitis,’’ first described in Paris 
in 1889, is none other than ocular-glandular tularamia. Parinaud 
recognized that it was infectious and that it was associated in some. 
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manner with animals. It is characterized by the granular condition of 
the lids, with ohemosis of the conjunctiva, inflammation and enlargement 
of the pre-auricular lymphatic glands. In 1917 and 1918 Herrenschwand 
observed two cases in Austrian soldiers, and isolated a bacillus pathogenic 
to guinea-pigs (undoubtedly B, tularense )' ; a small portion of a culture, 
accidentally dropped into the canthus of the eye, immediately produced 
typical conjunctivitis. 

Diagnosis. — This disease is most readily reproduced by inoculating 
material from the patient’s ulcer, or gland-juice obtained by aspiration, 
into guinea-pigs, mice, or rabbits, thereby producing generalized tular®mia 
in these animals, from whose tissues the organism may be isolated on 
special media. The organisms are rarely present in the blood of human 
Cases. Agglutination tests can readily be performed : the serum of 
patients suffering from the disease will agglutinate suspensions of the 
organism in high dilutions but, as pointed out by Ledingham, where 
cultures of B. tularense cannot be obtained, the spleens of infected mice 
contain the organisms in such large numbers that an emulsion in for- 
raalinized citrate solution may be used instead. Agglutination occurs in 
the second week, reaching its maximum between the fourth and eighth 
weeks, when there is a gradual fall, but it may persist for eleven years. 

It has been ascertained that a cross-immunity frequently co-exists between 
tularaemia and the undulant fevers. Calder stated, too, that tularaemia serum 
agglutinates Prokm 0X19 in a dilution of 1 : 80 and over in 13 5 per cent, of cases. 

An intradermal test with a suspension of killed organisms has also 
been introduced. 

The differential diagnosis of this condition has to bo made from plague 
and from rat-bite fever. In both cases alike it depends upon the recogni- 
tion of the respective specific organisms. 

Treatment. — This is mainly symptomatic. The patient should be 
kept in bed for several weeks after the subsidence of the fever. Con- 
valescence should be prolonged. The inflaiiu'd glands should be dressed 
with a saturated aqueous solution of magnesium sulphate. Incision is 
inadvisable, unless suppuration is observed. 

Foshay (1940) reported on the effects of semm treatment of 600 
cases within six years. Sera were prepared from goats by injection with 
two highly virulent strains of B. Udarense and 10-16 c.c. injected intra- 
venously or intramuscularly into children, 80 c.c. into adults. 

Prophylaxis. — Prevention depends in part upon Uae avoidance of 
contact with infected rabbits in the endemic area. The dangers of 
experimental work with B. iulareme in the laboratory have already been 
BnflScientljr emphasized. The prevention of the disease, from the public 
health pomt of view, is by no moans e^vsy. Sick or dead rabbits must be 
handled with great caution, and rubber gloves must be worn by laboratory 
workers, marketmen, cooks, etc.^in view of their great liability to infection. 
Cooking destroys the infection, as does also prolonged freezing. 
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MELIOIDOSIS 

S]moii3nii8. Stanton’s Disease ; Pneumo-enteritis ; Pseudocholera. 

Defij^tian. — This is a rare, glanders-like disease occurring in Burma, 
the Malay States and possibly Ceylon. The name melioidosis was 
suggested by Stanton and Fletcher in order to describe its close relation- 
ship to glanders ^^ed by Aristotle for a “ distemper of asses ” 

and elSog = form.) Melioidosis has many resemblances to tularaemia ; 
both are diseases of rodents accidentally attacking man. 

History and geographical distribution. — This disease is due to BacUriym 
{F/eiffereBa) whUmori (Whitmore, 1911), found at autopsies of beggars in Ran* 
goon. In 1917 Stanton and Hennessy found similar organisms in patients dying 
from choleraic symptoms. According to Krishnaswamy the disease is specially 
common in Rangoon. Other cases Imve been found in Singapore and in Saigon 
and, according to Duke, it may occur in Uganda. In 1913 the infection appeiued 
as an epizo5tic amongst the laboratory animals at Kuala Lumpur. 

iCtiology. — Bacterium whitmori (sometiines known as Actinobacillus 
pseudomaUei) closely resembles B. mallei ; it is a small bacillus about the 
same size and shape, and occurs in very large numbers in all acute lesions 
of the disease. In films stained by Leishman’s method, bipolar staining is 
very common. Acid-fast granules, decolourized by alcohol, were described 
by Mayer and Finlayson (1944). On culture also it resembles the glanders 
bacillus very closely, but is more actively motile and liquefies gelatin more 
rapidly. It grows luxuriantly upon peptone agar, forming a dense wrinkled 
culture, especially when the medium contains glycerin ; on broth cultures 
a pellicle is formed. Brown, Duncan and Henry have shown that B. 
wkUmori can be distinguished from B. mallei by its behaviour on a 
peptonized medium containing 1 per cent, sodium fumarate. This 
organism is pathogenic for most laboratory animals ; for guinea-pigs, at 
any rate, the infection is more rapidly fatal than glanders, but in each 
case, in (lie male, acute orchitis is produced on intraperitoneal injection — 
the so-called Strauss reaction. 

Susceptible animals can be infected by scarification, by feeding or by 
simple application of cultures to the nasal mucosa ; a characteristic feature 
in infect animals is discharge from the nose and eyes. 

The organism is excreted in the urine and fssces of infected laboratory 
animals, while sev^l cases of natural infection, especially in rats {Mug 
grimvenkf, Bonhote), cats and d(^, have hem observed. In 1927 the 
first case was reported in a horse from the Malay States, when the baciUus 
was isolated from nasal pus. 

Pathology. — The lesions vary very considerably. Numerous small 
pnlmonaiy abscesses, rou^y resembling those of miliary tuberculosis, 
Bxe produ^. Nodules which coalesce and break down into absossses 
are found in.the Hyer ; they somewhat resemble those of portal pyssmia, 
and have to be distinguished from amcebic abscesses. The organisms 
have be^ recovered ^m the blood, urine, sputum, and fluid 1mm 
cutaneous vesicles of patients dying from the disease, hi labcmtory 
anmiaii, artificially infected, small ni^ules form in the internal migatif* 
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Symptoms.o-The accounts so far published of the symptomatology 
are meagre.' The first cases observed by Stanton in 1917 were suffering 
from an acute diarrhcea, with collapse roughly resembling that of cholera, 
and it appears that several patients who recovered from the initial intestinal 
attack died later from a form of septicasmia with pulmonary lesions 
resembling tuberculosis. During 1921 a few more cases were encountered, 
with similar symptoms. Only two are known to have recovered. There 
is usually a high remittent and somewhat irregular pyrexia. Delirium 
and mania appear to be frequent terminal symptoms. What appears 
to be a chronic form of the disease is also recognized : in this the lesions are 
found in the skin and subcutaneous tissues, leading to cutaneous abscesses 
and collections of pus in the liver, lungs, and spleen. The initial signs 
may be those of acute parotitis. A peculiar case has been reported in 
England (1948) by Grant and Harwell in a soldier who had served in 
Malaya. A latent period of three years elapsed between possible infection 
with B. whUnwri and the onset of clinicAl manifestations. The case 
was characterized by parotid swellings, abscesses, osteomyelitis of frontal 
bone, perispinal abscesses and bronchopneumonia. A second and almost 
identical case was diagnosed in a British soldier in South Africa in 1944. 
He had served in Singapore (Mayer and Pinlayson). Very few cases have 
been recognized in women, but in them the brunt of the disease falls upon 
the bladder and kidneys. The disease is said to be specially common in 
morphia addicts, but this is probably a coincidence. How man is infected, 
as a general rule, is still uncertain. 

Dia^osis.— This is obviously best carried out by isolation of the 
bacillus from the fasces, urine, or blood, and differentiating it from the 
glanders bacillus. In one instance the organism was obtained from the 
(‘(•rebro-spinal fluid (P. H. Martin). Stanton and Fletcher fouhd that 
the blood-serum agglutinated cultures of the organism in high dilution 
(1 in 2500 to 1 in 8000), a fact which is extremely useful in diagnosis. 
Differential diagn6si8 from malaria, typhoid, dysentery, tuberculosis, 
plague, cholera and even liver-abscess, may have to be established. There 
are several resemblances to tuIarsBmia, and both are characterized by 
pyasmic nodules. 

Differential diagnosis from glanders is more complicated. Patients 
infected with B. V)hUffU)r% give a positTve reaction to malUin^ whilst 
horses infected with melioidosis give a negative test. Central chemotaxis 
and slight tendency to extension of the lesions, charact^ regarded by 
McFaydean as peculiar to glanders, are found in melioidosis. 

Prognosis* — Most patients die within ten days of the onset : in chronic 
cases they may be ill for tl^ to eight months or longer. 

Treatment* — Cases were treated by Stanton with autogenous v^ines, 
which are said to modify the acuteness of the disease. In the Ei^lish case 
reported above, siilphadiaosine in large doses reduced the activity of the 
organism, but fwled to eradicate the localized foci of infection. 



CHAPTER XIV 

THE UNDULANT FEVERS (BRUCELLOSIS) 

Preliminary statement. — Originally the term undulant fever was 
employed to designate a type of fever, commonly found in Malta and 
the Mediterranean area generally, which was usually referred to in medical 
literature as “ Malta fever/’ Experience, however, has shown that 
several closely allied fevers are to be classified under this heading. These 
fevers are due to infection by organisms of the genus Brucella, The 
following varieties of these organisms and their associated fevers are now 
recognized : 

1. Brucella tfielitensis (formerly known as Micrococcus melifensis) 
which is originally a parasite of the goat and which is usually conveyed 
to man in goat’s milk. 

2. Brucella abortus (formerly known as Baiillus abortus, Bang) which 
• is an affection of the cow, in which it causes abortion. A strain {Brucella 

suis) also occurs in the pig.^ The infection appears to be conveyed 
to man through cow’s milk. 

Although Brucella inelitensis infections have more or less a tropical 
and subtropical distribution, those of the abortus type are found all over 
the world, wherever epidemic abortion amongst cattle occurs. 

I. UNDULANT FEVER (Mblitensib Type) 

Synonyms. Febris Undulans ; Malta Fever ; Mediterranean Fever ; 
Gastric Remittent Fever. 

Definition. A disease of low mortality, indefinite duration, and 
irregular course, undulant fever is the result of infection by a specific 
germ — Brucella melitmsis. In its more typical form it is characl^Brized 
by a series of febrile attacks, each individual one, after lasting one or 
more weeks, gradually subsiding into a period of absolute or relative 
apyrexia, also of uncertain duration. Common and characteristic com- 
plications are a rheumatic-like affection of joints, profuse diaphoresis, 
anssmia, liability to orchitis and neuralgia. Although only occasionally 
fatal, the disease is a fruitful source of inefficiency and invaliding. 

History and geographical dtstributJon.<-Form6rly confounded with 
typhoid and malaria, undulant fever has been established as a separate disease 
by the labours of various observers— Bruce (1887), Hughes, Gipps, Wright, 
Semple, and Bassett-Smith. Undulant fever appears to be more widely 
distributed than was formerly thought. It is not confined to Malta, or even 
to the Mediterranean ; it may occur in Italy, France, Spain, the Red Sea littoral, 
India (Punjab), China, South Africa, Somaliland, West Afhca» the West Indies, 
the Philippinee, South America, and the United States, especially in New Mexioo 
uid Texas. Duke (1940) reported the isolation of Br. melUmsis from cow's milk 
in Staffordshire, England. Owing to the close relationship between Br. meUtensis 
and Br, aborhts, and the clinical resemblance between the two forms of fever they 
produce in man, it is extremely difficult to state the exact geographical range of 
eadi. 


> Anotlwr sp^deg ot BrooeSn it found in pigi (Br. hnmehitrpiiaiMy bai tlMD In no iWMon to boUevo 
tiint it itoommiuilcnble to ninn. 
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Epidemiology and endemiology. — The following figures, supplied 
by Bassett-Sinith, show the importance of undulant fever in former 
years to the British naval and military services in the Mediterranean : 


Incidence of Undulant Fever 

Army Navy Total days 

Strength Cases Deaths Strength Cases Deaths sickness 


1900 .. 

9,203 

171 

10 

. . 14,250 

856 

6 

. . 22,998 

1901 . . 

9,384 

288 

10 

. . 14,070 

286 

3 

. . 16,987 

1902 .. 

10,889 

198 

10 ' 

. . 18,470 

436 

3 

. . 27,482 

1903 . . 

10,608 

507 

11 

. . 18,410 

400 

6 

. . 30,541 

1904 .. 

10,615 

429 

15 

. . 19,590 

430 

9 

. . 28,458 


The most susceptible age is between the sixth and the thirtieth year. 
Length of residence does not influence susceptibility. In Malta the 
natives suffer as well as visitors, while there, and in other places where 
the disease is endemic, it occasionally assumes an epidemic character. 
The period of its greatest prevalence is the season of lowest rainfall, 
embracing June, July, August and September, the disease differing in 
this respect from typhoid which, in Malta, is more prevalent during the 
succeeding months, but a few cases may occur all the year round. This is 
explained, not only by the greater use of goats’ milk during the summer 
months, but also by the fact that, following the birth of the kid in spring, 
contamination of the milk is more marked. The goats are not necessarily 
ill, except for their liability to abort. The disease tends to occur in 
particular towns or villages, in particular houses, barracks, hospitals, 
and rooms, and in particular ships, manifestly originating in limited foci 
of infection. Certain ships were formerly notorious foci of the disease. All 
classes were liable : the officer and his family as well as the soldier in 
barracks or the sailor on shipboard. The organism has been found in 
mothers’ milk, so may presumably be transmitted to sucklings. 

It is not correct to assume, as has so often been done, that because 
of these essential discoveries, undulant fever has been banished entirely 
from Malta. The cases amongst the British military and naval population 
dropped from 246 in 1906 to 12 in 1907, but during the years 1929-36, 
there was a great increase in the number of cases among the civil population. 
Gatt (1988) reported that among the latter the incidence of the disease 
increased till 1984, when as many as 7-26 per mille were infected. Among 
the indigenous inhabitants there is a deep-rooted prejudice against boiling 
milk, and they are not content unless the goats are actually milked on 
their doorstep. However, tirmed pr^erved milk is coming rapidly into 
favour among the poorer inhabitants as an infant food. 

Undulant fever is not, generally speaking, transmitted directly from one 
person to another ; that is to say, iA not, as a rule, directly communicable from 
the sick to the healthy. The germ ds readily conveyed by inoculation ; the 
prick of a oontaminated needle will suffice. Moreover, it is a well-recognized 
fact that undulant fever is^the most easily acquired in the laboratory firom 
handling cultures. An outbreak of 46 oases in a bacteriology class, of which 
one enSdd fatally, was reported by Huddleson and Hunger (1940) in Ohio. 
In this case the actual method of infection could not be determined. Living 
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emulBions of the mioro-organism should never be handed round for class work ; 
similarly, infection may be conveyed by sucking a thermometer recently used 
by a patient. A very striking circumstance ni that in some hospitals the nurses 
and attendants in the lever wards are ten times more liable to the disease than 
people not so employed. 

Aftlfc.— It is now known that the infection is most usually conveyed 
in milk, and it has been suggested that it may be introduce in other 
kinds of food, or in water. Facts pointed very distinctly to goat’s milk 
as the most important medium. The organism was present in the milk 
of 10-50 per cent, of Maltese goats, and monkeys were easily infected 
by feeding them on it. Directly the goat’s milk supply to the naval 
and military hospitals in Malta was stopped, the cases of locally -acquired 
luidulant fever practically ceased. Formerly this fever was very common 
in Gibraltar. The milk supply of the garrison at that time was largely 
from animals imported from Malta. Gradually these goats have died 
out or been got rid of, and no more have been imported. Concurrently 
with this there has been a marked and proportional reduction of undulant 
fever cases in the garrison, so that, as a cause of disability, it has now 
quite disappeared from the records of the British Army and Navy. There is 
one well-authenticated instance of wholesale infection from this source 
in the s.s. Joshua Nicholson, which shipped 65 goats in Malta ; an epidemic 
of undulant fever broke out on board, and nearly all those who drank 
the milk of the goats were attacked. 

Cheese . — There is a considerable amount of evidence that undulant 
fever can be acquired by eating cheese made from th(? milk of infected 
goats. Several varieties of cream cheese made in the South of Franco, 
and even ripened cheese such as Camembert, have fallen under suspicion. 

Manure . — In the department of Aude near the Pyrenees, infection by 
handling manure soiled by urine of infected goats and shet^p is regarded 
as possible. 

/Etiology . — Brace in 1887 demonstrated the presence in the spleen in undulant 
fever of a special bacterium — ^now called BruceUa and, by a series 

of experiments, proved that it was the cause of the disease. Unfortunately, 
as the bacterium occurs only sparsely in the general circulation (unless in the 
earlier stages, when the temperature is high), to search for it in the blood in 
j^he later stages does not aid diagnosis. The organism is present in abundance 
in the spleen pnlp, and also in tte lymphid^ic gliuids, in which it persists longer 
than elsewhere, and from both of wfaloh it can be recovered by cultivation. 
Brace found it in the spleen in ten fatal cases. His results have bm confirmed 
by many other observers. Injections of pure cnltores give rise to a similar 
disease in monkeys and other animak, fr^ whose blo^ the bacterium can 
be recovered, cultivated afresh, and injected into otbm* animals, when it will 
again give rise to the disease. In five recced instances, inocttlation---inteational 
and acddental — of cultures of the bactmrium into man has been frdlowed by 
the characteristic symptoms after an incalwti<m period of firom five to fifteen 
days. 

A variety of this organism, BrueeBa paramelUensiSt which gives different 
serdogical reaetiona from those of the original strain, has hem reoognised as 
responsible for those oases of clinical undulimt &ver in Tunis and Alge^ which 
do not give a high agglutination rea<^ion with culturea of Br. mdiimsis. 

Br. mdUmsis measures 0*S3 m in diameter. It oocnrs generally singly, olben 
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in pairs, sometimes in fours, but never, unless in culture, in longer chains. It 
is Gram -negative and readily stained by a watery solution of gentian- violet, 
and is best cultivated in a 1} per cent, very feebly alkaline peptonized beef 
agar ; in this medium, some time after inoculation, it appears as minute, clear, 
pearly specks. After thirty -six hours the cultures become a transparent amber ; 
later they are opaque. No liquefaction occurs in gelatin. The individual 
colonies are small, round, somewhat raised discs growing to 2-3 mm. in diameter 
about the ninth day. The optimum temperature for growth is 37° C. In 
bouillon it may produce a general turbidity. As a rule, the organism cannot 
be cultivated under anaerobic conditions. !^oently, it has been discovered that 
the vitamin complex known as biotin is essential for its growth. No indol is 
formed, and the organism does not ferment glucose. Milk and other media are 
rendered alkaline. 

At one time, /ir. meJitensis was believed to be a delicate organism, but in- 
vestigations have shown that it can live for a long time in water, in dust, or on the 
clothes of patients, and that it is not killed by cold or desiccation. Moreover, 
it is now known to be excreted in the urine of man in 10 per cent, of convalescent 
cases, and to occur in great abundance in the milk and urine of apparently healthy 
Maltese goats (50 per cent.), and probably of some cows. It has also b^n found 
in dogs (9 per cent.), sheep and horses. These facts account in part for the great 
frequency and dissemination of the disease in such insanitary places as Malta, 
to which place they specially refer. 

Br, melitensis can be cultured from the blood-stream during the height of the 
fever in a considerable proportion of oases. A liver infusion — Stafiseth’s medium 
— is now commonly employed as selective culture medium. It has occasionally 
l>een obtained from the freces. The serum of undulant fever cases of this and the 
Br, abortus type, as well as the milk of infected goats, will agglutinate it. The 
organism has been recovered from the gall-bladder by Eyre. Amongst the smaller 
laboratory animals, the guinea-pig is h^hly susceptible to inoculation, a minute 
intrapehtoneal dose causing prolonged infection. 

Br. fnelUenois was stated by Evans, Myer, Shaw, and others to be morpho- 
logically, culturally, and serologically similar to Br, abortus. Three strains, 
mdUenois, paramdiimsis^ and abortus^ are separable one from another only by 
tests of agglutinin absorption. This criterion must be applied to infectiems 
in animals and in man in order to determine their eetiology. Cultures of Br, 
abortus are agglutinated in high dilutions of the serum of patients suffering 
from mditensis undulant fever. 

It is well known that Br, melitensis may produce abortion in goats, though 
the animals themselves may exhibit no other clinical chang^. 

In monkeys intramusoul^ injection produces within thirw days a rise of 
temperature and death within three weeks. According to Burnet and Conseil, 
melitensis is at least a thousand times more pathogenic for these animals than is 
abortus. Indeed, only enormous doses of abortus will produce any effect at 
all in small monlceys. 

Pathology.— The disease has almost no pathological anatomy. The spleen 
is the only visous which is distinctly disea^. This is enlarg^ (average 17 
oz.), soft and diffluent; on misoroscopical examination the lymphoid cells 
are found to be increased. There may be some congestion and even ulceration 
of the intestinal mucosa, but this is not an essential feature. Other organs 
show chiefly <doudy swelUng> and glomerular nephritis may be present. 

Symptoms. — The period of incyhation in the naturally-aoquired disease 
is difficult to fix. Cases have occurred as early as six days after arrival, 
others as late as fourteen and seventeen days after leaving Malta. Some 
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hold that the disease may remain latent for months. It begins generally 
with lassitude and malaise, such as is associated 
with the incubation of many specific fevers, 
particularly typhoid. There are headache, bone- 
ache, anorexia, and so forth. Pain in the eyes, 
especially on lateral movement, is very character- 
istic. There may also be a peculiar sensitiveness 
of the alveolar margins of the jaw and painful 
movement of the temporo-mandibular joint. 
^ At first the patient may go about his work as 
^ usual. Gradually the daily task becomes in- 
^ creasingly irksome, and he takes to bod. Head- 
^ ache may now become intense, and, in addition, 
§ the patient suffers from thirst and constipation, 
g At the outset the symptoms, except that there 
ti: is very rarely diarrhoea, resemble those of ty- 

phoid, and epistaxis is not uncommon. There 
J are no rose spots, however, then or at any sub- 
jg sequent period. There is evidence, in the coated 
jg tongue, which looks as if covered 's^'ith white 
*1 paint, in the congested pharynx, the anorexia, 
.3 and the epigastric tenderness, of gastric catarrh ; 
'o and the occasional cough and harsh, unsatisfac- 
I tory breathing at the bases of the lungs indicate 
J some degree of bronchitis or of pulmonary con- 
I gestion. There may also be delirium at night, 
ft, but as a rule there is insonmia. The fever is 
fig' usually remittent, the temperature rising about 
midday (generally about 2 p.m.) and falling 

1 during the night, and the patient becoming 

8 bathed in a profuse perspiration towards raom- 

2 ing. The spleen and the liver, but. especially 
^ the former, are somewhat enlarged and, perhaps, 
„ tender. Lumbar pain may be severe. 

After a week or two of this type of fever, 
^ specially distinguished by pains and perspira- 
^ tions, the tongue begins to clean and the appetite 

3 to revive ; but, notwithstanding these signs of 

c amendment, the patient still remains listless and 
I Imble to headache and constipation. He con- 

^ tinues feverish and at times p^pires profusely. 

^ Gradually, however, although he is anssmic and 
J weak, subjective symptoms become less urgent ; 
^ he then sleeps well, he has no delirium at night, 
and can take food, although the body- tempera* 
ture may still range slightly above the normal. 
Then once more, and perhaps over and ov^ 
ligain, fever with aU the former symptoms 
gradually returns ; and now, if it has not de- 
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dared itself before, the peculiar fleeting rheumatic-like affection of the 
joints or fasciae, so characteristic of the disease, shows itself in a large 
proportion of cases. One day a knee is hot, swollen, and tender ; next day 
this joint may be well, but another is aff^ted ; and so this metastatic, 
rheumatic-like condition may go on until nearly all the joints of the body 
have been involved one after the other. Effusions have been reported from 
which Brucella has been cultured. Purulent synovitis of the costostemal 
and costochondral joints sometimes occurs. Arthritis and osteitis of the foot 
with bone atrophy and blurred contours of the joints between the cimeiform 
and metatarsal bones were described by Weil. The patient may suffer 
also from neuralgia in different nerves — ^intercostal, sciatic, and so on. 
Orchitis is an occasional early complication, and may be mistaken for 
testicular mumps. In some cases these complications are severe and 
characteristic ; in others they may be mild, or absent altogether. In this 
respect the same infinite variety exists as in other specific fevers. In 
severe cases a purpuric condition with bleeding from the gums is occasion- 
ally observed. 

The most characteristic feature of undulant fever is the peculiar 
behaviour of the temperature (Chart 14). In a mild case there may be 
a gradual ladder-like rise through a week or ten days to 103° or 104° F., 
and then through another week or so a gradual ladder-like fall to normal, 
the fever, which is of a continued or slightly remitting type, disappearing for 
good without complication of any sort in about three weeks. Such mild 
cases are the exception. Usually, after a few days of apyrexia, absolute 
or relative, the fever wakes up again and runs a similar course, the relapse 
being in its turn followed by an interval of apyrexia, which is again followed 
by another relapse ; and so on during several months. This is the 
" undulant ” type from which Hughes derived the name he suggested 
for the disease^chris undulans, A factor of practical importance from 
the diagnostic point of view is the tendency for the fastigium of the 
temperature curve to occur towards midday or early afternoon ; this 
ieature distinguishes it from typhoid, in which the maximum rise generally 
occurs towards 6 p.m., or from other long-continued septic fevers, such 
as that in hepatic abscess, in which this takes place towards night-time. 

In cases of another class a continued fever p^^rsists for one, two, or 
more months, with or without the usual rheumatic, sudoral, and other 
concomitants — the “ continued ” type of Hughes. 

Usually remittent or nearly continued in type, in a proportion of 
instances (generally parantelitensis infections) the fever exnibits distinct 
daily intermissions, the swingiM temperature chart suggesting 
sepsis, endocarditis, or malaria. This is the “ intermittent ” type of 
Hughes. 

In some patients, two to three months may elapse before they are 
finally rid of the tendency to febrile attacks and oh^cteristic pains and 
aches. According to Bassett-Smith, the average duration of the disease 
is four months, but it may last two years. The shortest period is about 
three weeks. 

As in other bacterial diseases, cases of all degrees of severity are met. 
Bassett-Smith recognised five types : 

20 
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(a) Ambtdant , — The patients have no symptoms, but are excreting Br. 
mel/Uensis in their urine and are naturally potential sources of infection. 

(b) MUd coses.-^These last about a fortnight and are apt to be mistaken 
for paratyphoid. 

(c) The ordinary type, 

yt) The malignant type, with hyperpyrexia and toxflemia. This may 
be fatal, and considerable difficulty may be experienced in making a 


nil 
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Chut IS.— Variouf types of temperature chart in ondulant fever. 

(1) intermittent type 

(2) remittent type 
(i) irrei:ular type 


diagnosis, as in the case reported by Archibald in which death took place 
cm the twenty-seventh day. 

(e) An iniermiUent type with hectic fever, sweats, and general wanting. 
This is apt to be mistaken for tuberculosis, and appears to be common 
in Scmth Africa. 

As a rule, tbmre is a moderate leucopenia (about 6,000 per c. mm.) with 
an increase of lymphocytes. Sometimes al^ a sli^t secondary animma 
is observed. 

Surgicid BnsceBaoUi.-^Hydrarthrosis of a single jc^t cavity and 






COMPLICATIONS : DIAGNOSIS 


291 


superficial abscess formation on the chest or abdomen, without generalized 
fever, may also be produced by Br. melitensis. The Editor has seen one 
such case from Somaliland where, had not the organism been isolated from 
the abscess pus, this possibility could never have been suspected. Chronic 
infection resulting in osteomyelitis of the leng bones has been recorded. 

Complications and sequelae. — ^As a rule, by far the most serious 
consequences of undulant fever are the debility, the emaciation, the 
profound anaemia, the rheumatic-like pains, the neuralgias, and such 
sequelae as abscess, orchitis, mastitis, parotitis and boils. In the male, 
intermittent haemorrhages from the urethra are not uncommon. Orchitis 
is estimated to occur in four per cent; of cases. In women the 
disease is apt to give rise to ovarian pains, dysmenorrhoea, amenorrhoea 
and menorrhagia, and to favour abortion and premature labour. The germ 
may pass into the foetus ; children bom in such circumstances are weakly. 

Complications, such as splenic and hepatic enlargement, enlargement 
of the mesenteric and cervical glands, suppuration, phlebitis, chorea, 
various psychoses, arteritis, endocarditis, pericardial eflFusion, melaena 
and hflematuria, are met occasionally during the long, course of the disease. 
When death occurs it is usually from suddenly developed hyperpyrexia ; 
occasionally it is brought about by exhaustion, by haemorrhages and 
purpuric conditions, or by some pulmonary complication such as pneu- 
monia, Fatal gastric and intestinal liaemorrhages have been described 
on many occasions. In a few instances the fever is a fulminating type, 
rapidly ending in death from hyperpyrexia. 

A comparatively common sequel is chronic inflammation of the sacro- 
iliac joint. 

Dia^osis. — The diagnosis of undulant fever from typhoid is an 
important practical matter and may be diflicult in the early stages. 
Reliance has to be placed principally on the characteristic temperature 
curve, the presence or absence of rose spots, of diarrhoea, of joint com- 
plications, and of sweats, the locality where and the season in which the 
disease was contracted, and the agglutination test. There may be con- 
siderable hesitancy in differentiating it from pulmonary tuberculosis, 
especially in the intermittent form, and there are cases of undulant fever 
with pulmonary signs and symptoms which may resemble that disease. 
Undulant fever, moreover, may “ light up ” a quiescent tuberculosis. 

An ifUradermal or melitene ** reaction (Burnet, 1922) has been introduced. 
For the purpose, 0*2 o.c. of a killed broth-culture, contauiing half a million 
ori^nisms, is injected into the wkin. If the reaction is positive, a red cedematous 
area results at the site and persists for several days. Adequate controls with 
broth and cultures of other organisms should be performed in adjacent areas 
of skin. Accenting to Nattan-Larrier the melitene reaction is best performed 
by injecting A*gVr ^ filtrate of a 20 days* broth culture into the skin 
4 in. above the elbow. In typical oases the reason, which consists of a red 
plaque 4-fi cm. in diameter, bmmes positive in six hours and persists finr two 
days. The reaction is positive on the seventh to tenth day of the iEever and 
perabts for ten months aft«r recovery. It has been asserted by V^lson and 
others that, ff this reaetkm is repeat^ abscess formation may result ; even 
gsngrene ai the iddn tms been observed. 
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HamocuUure, — As early as the second day of the disease the organism may 
be recovered from the blood-stream. For this purpose 6~10 c.c. of blood should 
be drawn off by means of an aseptic syringe and with great precaution distributed 
into several flasks of broth. The broth should be incubat^ at leas|) twenty -four 
hours, or, if necessary, for as long as 26 da3n3, and subcultures made from time 
to time on trypsin -agar slopes. On the fifth day, on further incubation, minute 
dewdrop-like colonies should become apparent, and the emulsion should he 
tested against a specially prepared immune serum in dilutions fiom 1 in 40 to 
1 in 400. It is said that cultures from the blood-clot may sometimes give better 
results than those frx>m the whole blood. The organism may be obtained by 
splenic puncture, though this method is rarely justifiable. 

IsoUUion from the urine. — This is much more difficult to obtain than from 
the blood. The urine must be obtained either by catheter or midstream specimen 
after the fifteenth day of the disease. Every precaution must be taken to 
prevent contamination, to which Br. melUenaia is very sensitive. 

Agglutincdion test. — Agglutination, if performed by the macroscopic 
method and with modem technique, will generally give positive results. 
There are several important points to remember in connection with this 
reaction. 

Strain of organism employed for agglutination. — The serum, as a mle, 
contains no agglutinins until after the second week of the disease. It 
may be necessary to employ several strains of Br. melitensis, as well as 
cultures of Br. paramelitensis. Titres of agglutination as high as 1 in 6000 
have been reported. 

As other sera are known to agglutinate the organism in low dilutions, 
it is recominended that the blood be heated to 56° C. for half an hour 
before being used for the test, in order to destroy non-specific agglutinins. 
The occurrence of a pro-agglutinoid zone (or zone of no reaction) may be 
a source of error, but only in higher dilutions, and it is possibly due to 
the presence of anti-agglutinins. It is necessary, therefore, to employ 
a considerable number of dilutions (see p. 1014). 

According to Ledingham, the serum of tularaemia agglutinates Br. meliUnsis. 
A problem of differential diagnosis may arise when a serum agglutinates both 
B. tularense and Br. melUensis in equal titre. This can only 1^ settled from 
a serologioal aspect by testing for the absorption of agglutinins. 

Complement fixation test. — No distinct advantage has been reported 
for this method over the agglutination test. It is, moreover, more com- 
plicated. Often the serum is found to be anti-complementary. The 
technique is identical with that employed for the standard Wassermann 
test except that mdUensis or abortus antigens are used. 

After the fever has gone on for several weeks, diagnosis is, of course, 
easier ; in the early st^es, on clinical grounds alone and, apart from 
the agglutination test, it may be, as already stated, almost impossible. 
Tub^culosis, abscess, empyema, malaria, relapsing fever, acute rfieu- 
matism, and all the causes of continued high temperature of a septic 
type have to be carefully excluded in attempting a diagnosis, ^e 
possibility of the concurrence of another infection — ^typhoid, for example 
—must not be overlooked. 

Prognosis* — As a general rule, in military and naval forces the mortality** 
rate is low, from 2 to 6 per cent., but in the civilian population it may 
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be considerably higher. Death may occur from hyperpyrexia, heart- 
failure, or pulmonary complications. Bassett-Smith pointed out that a 
.persistent temperature of 104® F. may indicate a grave prognosis, as 
may also an intermittent pulse. Alarming symptoms may develop at 
any stage of the disease, especially in relapses. Though it may be unwise 
to forecast how long a fever may last, yet, when the pyrexia has subsided 
for more than ten days, and the patient’s tongue is clean and his appetite 
good, no further relapses may be expected ; but there is frequently a 
short terminal rise of temperature. 

In the malignant type the death-rate may be 10 per cent, or more. 
A persistent temperature of 104® F. and an intermittent pulse are grave, 
as are also pneumonic complications. The after-effects of the disease 
are often incapacitating, especially the production of neurasthenia, 
neuralgia and cardiac weakness. The debility makes the convalescent 
an easy prey for any intercurrent disease. It is normally considered 
that, as a general rule, a lasting immunity is conferred by one attack. 

Treatment. — When the diagnosis is sure it is well to give a purge — 
none better than calomel and jalap — and to instruct the attendants to 
keep the patient’s temperature systematically below 103° F. by cold 
sponging with vinegar and water or, if necessary, by cold bath or by 
ice variously applied. In view of the prolonged nature of the fever this 
measure is important ; at the same time, such treatment need not be 
applied too energetically, or so as to depress : a fall of 2® or 3® is all that 
is desirable. 

Phenacetin and similar antipjrretics are also often given to bring down 
temperature ; but the wisdom of emplojring depressing dnigs in so chronic 
'and asthenic a disease is, to say the least, questionable. Threat of hyper- 
pyrexia is best met by early sponging, the wet pack, or, if necessary, 
the cold bath. SleepU^ness may demand hypnotics, such as trional, 
veganin, or allonal ; headache, if severe, is relieved by moderate doses 
of phenacetin, pyramidon, or a similar drug ; inflamed joints or testes 
by the usual local applications ; constipation by enemata or aperients. 
In fact, the treatment resolves itself into a treatment of symptoms. 

X-ray tlierapy , — Rudnew and Krumberg instituted a new treat- 
ment by X-rays. The region of the spleen is irradiated for fifteen minutes 
with a fixed dose, filter 4 A. 1., tube 10 + 16, 2 milliampires. 

Vacdne-therapy. — The therapeutic use of vaccines of dead organisms, 
prepared and administered according to Wright’s methods, has been 
reported on favourably. 

Aviogenous vaccine . — In the Editor’s experience, stock vaccines are 
of little benefit. The vaccine should be autogenous and prepared from 
the patient’s organism isolated from blood-culture. In the latter instance, 
as a general rule, a considerable local reaction develops at the site of 
injection. Where blood-culture has been successful,, the initial dose 
should be 60,000,000 organisms, and it should be progressively increased 
at three-day intervals, up to 200,000,000. In intractable cases the 
administration of vaccine in this manner certainly results in lower^ 
of temperature and clinical improvement. Occasionally a pooled vaccine 
made from seveial different strains produces better results than does an 
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autogenous one. According to modem conceptions of therapeutics, 
vaccine therapy is best combined with sulphonamide treatment. 

Protein-shock therapy with non-specific protein (T.A.B.) vaccine, or. 
pyrifer, has hem found to cut the fever short by producing a febrile reaction 
with rigors (see p. 627). 

Serum-iherapy . — Sergent and Lh^ritier produced an anti-melitensis serum by 
intravenous inoculation of cultures into a horse. They say it is effective if 
given in doees of 50 c.c. on three consecutive days ; it is usefiil in chronic as well 
as in acute cases. An anti-melitensis serum is also |»epared by Mulford. and is 
given in doses of from 50>100 c.c. It may be given by the intravenous route 
and repeated at twenty-four-hour intervals. 

Sidphonamides , — Wilson discovered that, in the experimentally-infected 
guinea-pig, an animal which is specially susceptible, sulphapyridim has a 
definite action on Brucella organisms. The treatment with prontosil 
and other sulphonamides is being tried. Neumann and Petzetakis 
reported that their results were on the whole favourable. Prontosil 
is best given intramuscularly — 6 c.c. of prontosil soluble, by injection 
for ten days, and simultaneously 1*5 grm. (3 tablets) daily by the mouth. 
After an interval of seven days, the oral treatment is recommenced for 
twenty days, and thereafter, if necessary, further treatment on the same 
lines is instituted. The results in children were specially favourable, 
and in these 4 tablets (2 grm.) are given daily for a week or ten days. 
Groups further reported good results in eight cases from combined 
treatment with vaccine and sulphonamides. Large doses of sulphapyridine 
appear necessary, and the treatment should be persisted in : recent 
experience has shown that failure of sulphonamides is probably due to 
insufficient dosage, and adults should be given 4-9 grm. daily for courses 
of four or five days each — ^what is known as “ Stoss-Therapie.’" Toxic 
sequehe are mettemoglobinsBmia and a morbilliform rash. Debono, 
(1988), in Malta, in severe cas^, was quite unable to find any advantages 
from this treatment. 

Fauadin , — ^Neumann from Malta reporUnl favourably on a series of oases 
treated by intramuscular injections of fouad.^. This it a trivalent antimony 
compound (pyrocatechin-di^phonio acid, <»ce p. 826). Being non-irritating, 
it is given into the gluteal region in doees of 1*5 c.c. on the &«t day and 3*5 
c.c. on the second, followed by 5 c.c. on alternate days. The niaximum dose 
for women is 4*6 c.c. Ihere is no pain at the site of injection, the drug is wid! 
tolerated, and no secondary effects have been olM^rved. In a series of eight* 
oases the temperature settM to normal in ten days. 

The diet at first should consist of milk (in Malta, boiled) ; later, of 
broths and eggs and, if necessary, stimulants ; but note that on soiphon- 
amide tr^tment stimulants shotdd be omitted. Solids must not be 
freely givmi during high fever or when fhe tongue is coated. If appetite 
is present, ordinary simple food may be taken. Lemonade or lime-juice 
diould be given after a time ; not merely as a pleasant, thirst-reheving 
beverage, bat with a view to averting scurvy— not at all an improbable 
compheatkm, if the dietary be too restricted over a long period. Feeding 
must be condueted with the greatest dreomspeelKHi, avoiding overfeeding 
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on the one hand and a low monotonous diet on the other. The tongue 
and the appetite are the best guides. 

Exercise, travelling, and anything that tends to induce fatigue provoke 
relapse if indulged in prematurely ; but a couch or chair in the garden 
is to be encouraged, weather permitting. The patient should rest for 
at least three weeks after the temperature has become normal. 

Flannel clothing should be worn, and frequently changed if there is 
much sweating. 

When possible, the subject of undulant fever would do well to avoid 
. the endemic area for one Or more years after recovery. In chronic cases 
a change of climate appears to be the only therapeutic measure of value. 

Prophylaxis. — Malta and those Mediterranean ports in which this 
fever is endemic should be avoided by pleasure- and health-seekers during 
the summer. As a matter of precaution, in the endemic areas the drinking- 
water and food ought at all seasons to receive special attention. All 
milk should be avoided, or sterilized by boiling, and food dishes should 
be washed with boiled water. Laboratory workers must be careful in 
handling cultures of the bacterium ; the accidental introduction of the 
organism into the conjunctival sac has sufficed to cause the disease. 

The discovery that goat’s milk is the principal medium through which 
undulant fever is communicated to man has led to very striking and 
important results. Unfermented cheese is a frequent source of infection 
and should be forbidden. In Toulon the disease has been traced to 
“ fromage cervelle ” made from the milk of sheep and goats. 

On the recommendation of the Mediterranean Fever Commission, the use 
^ of the milk of the Maltese goat was interdicted for the naval and military forces 
of that island. Immediately, the incidence of undulant fever began to drop — 
in the Navy from an average of 240 per annum up to 1906 to 3 in 1910, and 
in the Army from a janevious average of 316 per annum tb 9 in 1907. In 1909 
the health authorities in Malta were authorize to kill all goats whose blood or 
milk gave the BrueeUa melitensis reaction. The goat population of the island 
was ccmsequently reduced from 17,110 in 1907 to 7,619 in 1910, Concurrently 
the fever incidence in the civil population fell from an annual average of 632 
to 318 (Eyre). At present, as a ret^t of the issue of condensed milk in place of 
goats* milk, the incidence of undulant fever has been greatly reduced in Malta 
(Stephens), while it has completely disappeared as a fa^r in the sick-list of the 
Army and Navy ; indeed, no authentic case had been recorded during the three 
years preceding the outbr^ of. war (1939). 

These facts suffice to indicate the direction preventive measures should 
take. It most be borne in mind that certain products of milk — e.g, 
cheese, buttex^may communicate the germ, and, farther, that infect^ 
goats may appear to be in perfect health and may milk satisfactorily. 

The prevalence of infected animals is best determined by cultivating 
the organism from their blood or milk ; failing this, serum reactions 
(p. 292) and Zammit’s test are employed. The latter, which is known 
as the lackhteaciian, consists in dilut^ the milk to 1 in 20 and mixing 
it with a dense emulsion of Br. melUensis or Br . paramelitensiB. The mixture 
is drawn up into the capillary tube and placed in the incubator for twenty- 
four hours, when any sedimentation present may be detected. It is 
better to heat the milk first to 66^ G. for half an hour. 
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The proportion of infect ed goats has been estimated as follows ; 

Malta . . . . 50 per oent. 

Algeria 3*4 „ „ 

Tunis . . . . 30*7 „ „ 

Marseilles 34-2 „ „ 

Zammit and Debono attempted to immunize the Maltese goat by 
dermal immunization. A filtrate of a broth culture, containing brucella 
organisms, is sprayed over the mammary region and into the mouth, 
and 1 c.c. is injected intradermally in four places. The treatment is 
repeated four times on alternate days. 

Prophylaiic inoculation. — Nicolle and Conseil conducted some experi- 
ments on man which seem to show that it is possible to immunize against 
undulant fever by subcutaneous injections of killed cultures of the 
organism; and similar results were obtained by giving 100,000,000 
organisms by the mouth on three consecutive days, and again on the 
fifteenth day. These results were controlled by subsequently injecting 
cultures of living organisms ; the controls in both cases developt^ undulant 
fever. 

Dubois and Sollier have employed a vaccine of various strains of 
melitensis mixed with two strains of abortus. The complete vaccine 
made up of five strains contains 2,000,000,000 organisms per c.c. The 
first dose is 0-25 c.c. or 500,000,000 ; the second 0*75 c.c. or 1,500,000,000 ; 
the third 1 c.c. or 2,000,000,000. The full course of injections was given 
to 111 persons engaged in dealing with infeck^d animals, and none of 
these developed undulant fever. 

II. UNDULANT FEVER (Abortus Type) 

Synonym. Abortus Fever. 

Definition. — A definite variety of undulant fever in man produced 
by Brucella abortus, the organism of contagious abortion of cattle and swine. 

History. — In 1878 Lehnert transmitted contagious abortion by intra vaginal 
inoculation of |»egnant cows with the vaginal discharges of abiding animals, 
and in 1896 Bang and Stribolt demonstrated small Gram -negative bacilli in 
the uterine exudate of infected cows, and isolated the organism in pore culture. 
This was later confirmed by Preisz (1903), Nowak (1908), McFaydean and 
Stockman (1909), and by M^Neal and Kerr in the United Staths in 1910. 

In 1918 Miss A. C. Evans first showed the close relationship between Bang's 
bacillus and Brucella mditensis. Later she showed also that a close association 
existed between Br. bronchisepticus, an organism which produces a distemper- 
like disease in dogs and pigs. There appears also to be some connection idth 
B. iularense, the organism of tulanemia. 

In 1911 f^hroeder and Gotten in the United States found that, as the result 
of injecting guinea-pigs with cows’ milk, 14 per oent. were infected with Br. 
abortus. In 1914 Kennedy, in London, noted that agglutinins of Hr. abortus 
fwhich was then thought to be Br. melitensis) were to be found in the blood serum 
and milk of London cows, and shortly afterwards tins was confirmed by Bassett* 
Smith. Hiese observations were extended by Wilson and Nutt in 1920, and 
extensive invesrigatkms on commercial milk were undertaken by Walker Hall, of 
Bristol 
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In 1922 Bevan suggested that a type of undulant fever in Rhodesia, which 
had in recent years become very prevalent on farms where there* were large 
numbers of cattle infected with epidemic abortion, was really caused by Br, 
abortus. He considered that the cow in this case wa« the source of infection. 
In 1924 Bevan's suggestions were amply confirmed by Orpen, who, on comparing 
strains of Br. abortus isolated from human oases and those derived from cattle, 
pronounced them to be identical ; in the same year Duncan isolated in London 
Br. abortus from the blood of a patient from Rhodesia with undulant fever. From 
this time onwards it came to be recognized that sporadic cases of undulant fever 
occurring in European countries were of the abortus type. In 1923 Aublant, 
Dubois, Lafen6tre, and Lisbonne found that in France between 3,000 and 4,000 
persons had suffered from undulant fever within a space of three years, and in the 
South-East Mediterranean area they attributed the prevalence of the disease to 
herds of sheep infected with Br. abortus, and the infection of man to drinking 
sheeps' milk. In 1926 the Editor described cases of undulant fever of the 
abortus type in England which undoubtedly were attributable to cow's milk. 
Madsen in 1928 found abortus fever widespres^ in Denmark. In 1920 Huddleson 
re|>orted three cases of Br. abortus infection amongst students engaged in handling 
cultures in U.S.A., and in Germany the cases of five veterinary surgeons who 
contracted undulant fever from abortus-infected cattle were recorded. In 1931 
over 1,545 cases were notified in the United States. Homing (1935) reported a 
severe outbreak of this fever in Connecticut in which Br. suis, the variety found 
in pigs, was the cause. Three cases were fatal. In this outbreak the cows had 
become infected with the Br. suis from the pig herd. 

Geographical distribution. — Undulant fever of the abort m type 
in man has now bmi reported from the following countries : Italy, 
(lanada, II.S.A., Denmark, Sweden, Germany, Holland, Switzerland, 
AuRiria, Poland, l^alestine. South Africa, Rhodesia, New Zealand and 
Australia. In England the number of eases identified as abortus fevtT 
is growing yearly, and in 1933 over 140 were recognized and reported. 
Previous to this, sporadic cases had been reported from time to time and 
an attem{>t had been made to ascribe them to occasional drinking of 
gt)aP8 milk. Such cases were reported by Byam in 1918, by the Editor 
in 1927, and by Bamforth. Since that time the organism (Br. aboritis) 
has been cultivated from the blood, urine and faces in British cases. 

Etiology. — ^Traum (1914) isolated BntceUa fmm a pig foetus. Br. suis 
is transmissible to cattle and also to sheep, and Huddleson isolated the orgimism 
from the diseased testicle of a dog. Huddleson and Hardy, in Iowa, U.S.A., 
established that in that State Br. suis is the cause of many oases of abortus fever 
in man. I'here are many references to the oonourrenoe of Br. aborts in the lesions 
of poll evil and of “ fistulous withers " in horses. The organism is commonly 
associated with these lesions, but there is some difference of opinion whether they 
have not merely migrated to a suitable focus in which tho filaria, Onchocsrca 
cervkalis, is located. 

In England, the cow is considered the main reservoir of infection. Menton 
(1937) found no evidence that goats or other animals are infected with Br. 
melitensis in England, although cows can be artificially infected, and the organism 
appears in the milk. It has been shown that Br. abortus can be recovered from 
6‘3 per cent, of cow's milk, and Elkington, Wilson, Cruickshank and others 
described outbreaks in schools due to consumption of unheated milk infected 
with Br. etborius. 

Since the discovery of the porcine strain of Br. abortus (Br. suis) the tendency 
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in America is to ascribe human cases to this source. Evidence in U.S.A. is to 
the effect that infection is acquired by meat packers firom direct contact with 
pig carcases. Doyle found that a small proportion of sows in England is 
in^ted. 

Differentiation of Brucdla abortus from BruceUa fnelite»sie,—Br, aboHua 
is usually somewhat larger than Br, mdiUnsis, being from 0*4 (x to 0*6 jx in 
thickness, and varying in length from 0*8 (x to 2*5 or even 3 (x. The organism 
is remaricably pleomorphic ; involution forms are unusual. Br, abortus can be 
isolated from the milk and uterine dischargee of infected animals. Normal stoxins 
of Br. abortus of bovine origin cannot be grown in primary culture at the ordinary 
carbon-dioxide tension of the air, but to ensure growth it is necessary to raise the 
proportion of this gas to 6 per cent, or 10 per cent, by volume. These require- 
ments dimininb as the strain is propagat^ on artificial media. The simplest 
method of growing this organism is in a Bullock's jar in which cultures have l^n 
placed for incubation, adding a sufficient amount of pure carbon dioxide to 
inoduce the optimum concentration. In primary growth the colonies develop 
after inoculation in a zone 10-20 mm. below the medium. This behaviour is 
taken as evidence that Br, abortus is mioro-aerophilic. After continuous sub- 
culture the organism can be grown under ordinary conditions. The porcine 
type, Br, suis, does not show the carbon dioxide growth requirements of the 
bovine type. 

The organism grows best on glucose agar in which 2 per cent, glucose is added to 
a simple meat-extract agar medium set to reaction of pH 7*4, or in Fildes's 
medium. On potato slopes of alkaline reaction* differences in the growth 
character of Br, abortus and other organisms of the group may be found in 
week-old cultures ; the former gives a uniform creamy-yeUow growth, while 
Br, melitensis and Br, paramdUensis yield a greyish -chocolate or even black 
growth. 

The reaction to dyes is important. The bovine abortus type is inhibited by the 
presence of thionin in suitable c<mcentration, the porcine type by the presence of 
basic fuchsin, methyl violet, or pyronin. The mdiiensis type grows in the 
presence of all four dyes. 

The formation of hydrogen sulphide from proteins or aminobodies containing 
sulphur Is one of tl^ most important biochemical reactions. The organism 
is grown on Staffseth's liver-infiii^n agar medium at a reaction of pH 6*6 and, 
after sowing, a strip of jead-aoetate paper is introduced into the tube. After 
foii^-eight hours* fficubation a distinct blackening of lead acetate occurs in 
tubM sown with Br, abortus^ while Br, mdiiensis prunes no H,S at all. On 
serdogioa] grounds, by means of the absorption of agglutinin method, the bovine 
and porcine abortus types may be diffmntiated frrom the mdUensis type. 

Br. abortus from cattle is grown best by seeding glyocrin-agar ik>pes with 
the ntcgine exudate, and insidating them under a bwered p re ssu r e of oxygen 
or in the atinoB|diete of 10 per cent. 00^. The best method of ascertahiiag 
tike presence of Br, abortus in milk is by the cultural method. The tnQk |s 
seeded with a liver extract peptone-agar in a CX>| atnuksphere. Ahemtively, 
0*5 C.C. of the milk may be injected subcutaneomly into the hipd of a guinea* 
p 4^ and tiie animal killed alter three or four weeks: at the post-mortem examina- 
tion the inguinal and lumbar lymjdi glands wffl be alightiy enlai^l^ed a^ congested. 

For isolation of Br. abortus mm human blood, urine or fSi^, the Oj^timum 
for culture la a medium of pH 6*6, a temperature of 37^ C., in an atmosfdiere 
of C0|. When first isoJaled firom tiie blood or the sidemi, the organism may 
fidl to show visihle growth on the jdates until alter tlsee days. Minute dew* 
drop cdonks sie then seen* which lat^ become opaque, are 8 mnt* hi 
diaiiietcroatiietsntiiday. Xhrsi»o(msidei»dtiist lperceiit.of|^ncosegmt^ 
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enhanoea the vigour of* the growth and that the new growth is obtained when 
liver is substituted for ordinary infusion-agar. For the first few generations 
of culture an atmosphere of carbon dioxide must be maintained, though this 
is unnecessary for later generations. Huddleson and Abell found t^t the 
growth of Br. abortua is inhibited by gentian vicdet, and that this can be used as a 
means of differentiation from Br, mdUenais, 

When cultivated from the blood the growth may be exceedingly slow. In 
one of the Editor's cases Wilson succeeded in demonstrating a growth on the 
twenty-first day of incubation, and Rainsforth (1933) recorded success after 
60 days. 

The isolation of Br, abortus from the fseces is no easy matter. Amoss and 
Poston succeeded by employing the following technique : a stool suspension 
is heated with an immune serum and clumps any organisms present in the 
sediment, which is then seeded into Teague’s ni^um. IVo plates are incubated 
in an atmosphere of air and two in a CX>| atmosphere. 

Br, abortus in caBle , — ^This organism produces abortion in otherwise healthy 
cows by causing inflammation of the uterine mucous membranes, of the fostal 
membranes, and of the fcetus itself. The infection has become very prevalent 
in highly bred cattle herds when stable fed. both in England and in the United 
States. 

The organisms occur first in the vaginal discharges as well as in the exudate 
from the uterus, while they are excreted in the milk of infected cows for many 
weeks and even months, so that Br, abortus is frequently found in commerci^ 
milk. In Washington 14 per cent, has been found infected, in Chicago 30 per 
cent., and in Dresden 32 per cent. When injected into guinea-pigs the infected 
milk produces small tubercle-like foci in the lungs, liver, and kidneys, and 
swelling of the spleen, which takes about seven weeks to develop. Sheep and 
pigs are less susceptible than cows. The symptoms of the affected cow are 
the escape of varying amounts of greyish-brown mucous discharge from the 
mucous membranes of the uterus and the chorion. It also affects the udders 
and probably spreads via the lymphatic channels. When a pregnant cow is 
infected the foetus is expelled within eight to fourteen da 3 r 8 . The foetus itself 
shows infiltration of the subcutaneous and intramuscular tissues with Br, abortus ; 
the calves are bcMm covered with a purulent exudate and the chorion is converted 
into a leather-like substance, with buckling and wrinkling of the intercotyledonous 
parts of the membrane. 

Apparently the bull may play an active part in conveying the infection, 
as the organisms have been found repeatedly in its genital organs. 

The commonest time for abortion in cattle is from the fifth to the seventh 
month, and the incubation period lasts from one to thirty-three weeks. 

When introduced into a fresh herd the disease usua^y spreads rapidly and 
assumes epidemic proportions ; then it p a s se s into an endemic state in which 
it remains for years. As a rule, the uterus frees itself quickly fironfthe infection 
and Br, abortus is to be found in the udder, and in the supramanimary and 
pelvic lymph glands, where it persists. From the udder the organism is excreted 
into the miiy, and so it oomes about that 34 per cent, of cows which give a 
positive agglutination reaction excrete Br, abortus in the milk, and may continue 
to do so for three years. 

Under experimental oonditionB ab<»rrion may be pr^uoed in goats, guinea- 
pigs, rabbits, rats, and mice, and only rarely does it prove fatal. Quinea- 
pi^ may be InfiMted bv robbing cultures on to the depilated skin of the abdomen, 
and wfam these siiimaii are riius Infooted artificially, they develop lesions simula- 
ting tttbsveulosli. 

Patliidog]r«'^1!hts is the same as in Br. mMsmsis fever. Oooa sloii a lly , 
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abscess of the spleen is observed. There is a general retioulo-endothelial 
hyperplasia of lymph glands. Meningo-enoephalitis with greyish>white 
tnberoulations is repeated in Br, auis infections in America. 

Diagnosu of endemic abortion in cattle. — ^The diagnosis of this infection in cows 
is made by serum agglutination, which takes place in a titre of 1 in 100 to 1 in 
10,000, and the agglutinins can also be proved to be present in the milk of infected 
cows. For this purpose Bevan introduced the ** abortoscope,” which consists of 
a tube containing a standardized suspension of Br. abortus^ closed by a cork to 
which is attached a double loop of thin wire coated with sterile paraffin. On the 
baick of the tube is pasted a laM marked ** infected.'’ Before use the suspension 
is thoroughly shaken up, and one loopful of blood iK>m the animal to be tested is 
taken up in the i»dre, which is then returned to the tube and thoroughly shaken 
to mix the blood with the suspension. The apparatus is stood upright at room 
temperature so that in infect^ caises the suspension and the blood -cells settle 
down to the bottom of the tube, leaving a clear supernatant fluid through which 
the word “ infected ” can be read. 

Generally speaking, in cows no attention is paid to an agglutination of a 
titre less than 1 in 60 in the serum. In a pregnant infected animal the titre 
gradually rises before abortion from 1 in 200 to 1 in 1,000, while a persistent 
infection of 1 in 400 or over indicates an udder infection. 

The intradermal test or the ahoriin reaction in cattle. — This test, on the same 
lines as the tuberculin test, was introduced by MacFaydean and Stockman in 
1909 in an attempt to introduce one based upon the hypersensitiveness of infected 
cows. Holtun (1928) described a double intradermal test in which 0-2 c.c. 
of a 6 per cent, phenolized suspension of Br. abortus heated to 65^ C. for thirty 
minutes is twdee inoculated into the same site at an interval of forty -eight hours, 
when the maximum infiltration of the skin is attained forty-eight hours after 
the injection. 

Abortus Infection in Man 

Diagnosis. — The agglutination test in abortus mfections is much the 
same as in melUensis. An agglutination of 1 in 10 to 1 in BO, in the absence 
of clinical symptoms, indicates a p^t infection, while a titre of 1 in 100‘ 
or over, in the absence of clinical symptoms, probably indicates a latent 
infection, and a titre of 1 in 100, or over, in the presence of pyrexia and 
other symptoms of disease, may be considered as diagnostic of an active 
infection with Br. abortus. 

The Editor has seen one case which showed a titre of 1 in 10,000, and 
other typical ones with a titre w^hich never rose above 1 in BO. The 
agglutination test is best performed by the macroscopic method. A 
practical method of making a diagnosis by the agglutination t^t is by 
means of the ** glutoscope,’’ an apparatus devised by Bevan on the same 
lines as the abortoscope. 

The intradermal test, or “ abortin ” reaction, is as useful in the diagnosis 
of abortus infection in man as is the parallel test in melitensis infections, 
and is performed in the same manner (see p. 291). 

Diagnosis by blood-culture is the same as for Br. mdilensis, and is 
Buccei^ul in about 16 per cent, of cases ; (see p. 292). A certain amount 
of assistance may be obtained from the leucocyte count. There is usually 
a sUg^t leucopenia with a relative increase in the lymphocytes. The 
average in seven cases of abortus infection under the Editor's care was 
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leucocytes 6,800, with polyraorphonuclears 48 per cent, and lymphocytes 
48 per cent. 

Symptoms. — Cohen divides abortus fever into five types: (1) the 
classical undulant ; (2) the arthritic ; (3) the abdominal ; (4) the genital, 
of which orchitis is the chief feature ; and (5) the “ catarrhal jaundice ” 
type. It is doubtful whether there are any signs or symptoms sufficiently 
obvious to enable a differential diagnosis between abortus and melitensis 
to be made from the clinical aspect alone. 

On the whole, abortus infections run a much shorter course than those 
of ftu^liisnsis. Some cases may be so mild that no obvious clinical signs 
are produced beyond the characteristic pyrexia. Atypical cases show 
slight fever, headache, listlessness, sometimes abdominal pain, sore throat 
and nocturnal sweating. As a general nile, however, prolonged pyrexial 
cases lasting many months, as in true undulant fever, are not common. 
On the other hand, abortus infections may be remarkably persistent over 
a year or more, but continued fever of over three months’ duration is rare, 
though cases with multiple rigors and the characteristic undulatory febrile 
curves have been recorded. Some of the most severe clinical infectious 
seen in England have been the result of infectioas contracted in the 
laboratory. 

The spleen may be palpable as in melitensis infections, but is by no 
means invariably so. The premonitory signs of alH)rtus fever are im- 
portant ; the infection may ctunmence with pain behind the eyes and 
in the alveolar margins of the mouth. Unilateral or bilateral (uchitis 
has been noted. There is usually an initial rigor which is followed by 
headaches, profuse sweats, and arthritic pains. 

Abortion , — The great majority of pregnant women suffering from this 
disease do not abort, but the organism has been obtained from the vaginal 
contents in one such case. In Champney’s series of 616 cases abortion 
occurred once only. 

Hcemorrhage is somewhat unusual. It was noted in 5 per cent, of 
cases collected by Dalrymple-Champneys. Epistaxis was the commonest 
manifestation, but melapna, haemoptysis, haematemesis, haematuria, 
menorrhagia, and bleeduig from the gums may occur. Robinson (1938) 
has report^ a case in which continuous oozing from the mouth and gums, 
associated with purpura, almost proved fatal. 

Rash . — A papular or urticarial rash has been described, but occurs 
very farely (Chainpneys). 

Meninaisni is uncommon. There is stiffness of the neck, tremor of 
hands, slurring of speech, Kemig’s sign and increased pressure of the 
cerebrospinal fluid. Meningitis has occasionally been reported and the 
cerebrospinal fluid may show increase in albumin and sugar content, but 
usually nervous symptoms are transient. One fatal case of meningo- 
encephalitis due to Br. suis hhs V)een described in the Mayo Clinic (1932). 

MUd and chronic eases , — Alice 0. Evans noted that in the United States 
chronic brucellosis is often characterized by v^ue symptoms— weakness, 
nervousness, insomnia, depression and irritability — and that in half the 
cases the agglutination reaction is negative. She therefore suspected this 
disease in cases of chronic ill-health in endemic areas. Mild or masked 
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cases are also recorded. In these, ascertainable signs are absent, but 
small rises to 99"^ and 100'^ F. are seen to occur in a four-hourly chart, and 
usually only a low-grade agglutination with abortus in a titre of 1 in 20 
can be demonstrated. There may be remarkably few symptoms, except, 
periiaps, headache. 

Jmndice , — A form resembling infective hepatitis has been described. 

Localidrig syrnfloms . — ^Usually the arthritic pain and ]^ri-arthritic 
effusions which are so characteristic a feature of mditensis infections 
are not so prominent in this type. It is, however, necessary to refer 
to two instances of isolated joint affections which the Editor has seen. 
In both, the shoulder-joint was affected, apparently due to localized 
abortus infection. Localized abscesses, and even fixation abscesses in 
bone, due to Br, abortus, have been reported, and constitute the condition 
known as “ surgical bruceUosis,*’ described by Edwards (1987). In 
Iowa, U.S.A., os^omyelitis of long bones, including those of the wrist, 
has been described. 

Treatment. — The treatment of aixyrius infections does not differ 
materially from that of the classical disease. As a rule, the symptoms 
are not so urgent and the span of the disease, is shorter, so that drastic 
remedies are not usually required. 

The cutting short of the fever by protein -shock fever- therapy has been found 
effective by 8. Miller. He demonstrated that a fever of several months' duration 
can be terminated in a few days by three, or even four, intravenous injecticms of 
tyjdicHd-paratyphold organisms (or pyrifer^) in doses ranging from fi0,(X)0,(X)0 to 
lf^,000,000. Ibe Editor also treaW thr^ cases with success, the fever being 
out short by a protein-shock therapy two days after the isolation of the bacillus 
from the blood-stream. This may be combined writh sulphonamides. Champneys 
reported that this was the most successful form of treatment in 25 out of 34 cases. 

Fouadin has been tried, as in Br, melUensis infections, but the results 
have not been very striking (see p. 294). 

Treatment by sulphonamides has been extensively used, and is baaed 
upon file experimental evidence of Wilson and Maier. They found that 
these compounds effectually extirpate the organisms (Br. abortus) in 
experimentally-infected guinea-pigs when administered for some weeks in 
ku^e and almost subletbal dosage. 

A summary of the results obtained up to November, 1988, in 18 cases 
from various sources (French, English and German), shows that the 
fever defervesced on an average in 15 dajrs from the commencement of 
solphonamide treatment, when these drugs were exhibited for a'^riod 
of 17 dap. Oa&ey considered that, even when cases relapse, as they 
frequently do, on cessation of sulphonamide medication, the febrile 
remission will be shortened if treatment is resumed. Thomson (1988) 
foimd that abortus-miecied patients cm tolerate sulphanilamide up to 
8 grm. daily. Be^oux, Oourdon md Bochedix described the successful 
treatment of one intractable case with intravenous injections of 90 o.c. 
of a 6 per cent, solution of soluseptasin. Pearson and Lewis (1940) gave 
a total dos^ of 48 grm. of sulphapyridine in 18 days. A mothMiorm 
rash following treatment is not serious and a fall of lymphocytes aooom* 
panying granulo<^penia is common. 
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The Editor has treated a series of three intractable cases with sulphanib 
amide. Two were cases of prolonged fever, the third of p 3 rrexia associated 
with orchitis. On the whole, it may be claimed that the more manifest 
signs and S 3 rmptoms of this infection are modified by sulphanilamide. 
Prontosil album was given in doses of 1*6 grm. daily, reWorced by injec- 
tions of prontosil rubrum, 5 c.c. daily, for six days. In some cases it 
may prove necessary to inject the drug intramuscularly in order to obtain 
results. 

Prophylaxis. — The prophylaxis of abortus infection in man is mainly 
bound up in the very difficult subject of the treatment and prevention 
of this disease in cattle, for the infection is undoubtedly contracted by 
drinking infected cows’ milk by an individual susceptible to the disease. 
In herds of dairy cows, many carriers of the infection exist. There is 
a tendency for the organism to become located in the udder. Prophylactic 
inoculation and innnunization of cattle by employing live cultures of 
Br, abortus has been extensively practised. In 1906 Bang reported that 
a certain amount of protection could be conferred upon animals by the 
intravenous injection of living cultures of Br, abortus some weeks before 
copulation, and this method was more extensively applied by Stock- 
man in 1914 to non-pregnant cattle. In recent years a living strain of 
Br, abortus of low virulence has been employed in the immunization of 
cattle in America and England. These do not set up disease in cattle 
or render them infectious, and the organisms are not excreted in the 
milk. It is obvious that the remedy lies in the sterilization of abortus- 
infected milk, and this can be done by boiling or by pasteurization : 
thirty minutes at 140-146® F. will dt^stroy the organism. 

Since it was reported by Gilbert and Coleman that in 1 1 cases of human 
infection in Iowa the source had been traced to association with infected 
hogs, prophylactic measures have been taken in America in that direction. 
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ENTERIC FEVERS 

(AND BACTERIUM COLI INFECTIONS) 

The enteric group of fevers includes typhoid fever, due to Bacterium 
{SalnioneUa) typhosim, and paratyphoid fevers, due mainly to Bai't, 
parafyphosum-A and Bad. paratyphosum-B. Paratyphoid-C fever has a 
somewhat different symptomatology (see p. 311). These organisms belong 
to what is now known as the Sahtwnella group, and the fevers caused 
by them were classified during the 1914-1918 vrar as ** enterica.” 

History. — In the earlier half of the nineteenth century, typhoid and typhus 
fever were grouped together under the terra “ continued fever.” The first 
clear differentiation of typhoid from t 3 rphu 8 on cUnical and pathological grounds 
resulted from the work of Murchison and Jenner (1855-62). Then came the 
discovery of the Bad, typhosum by Eberth in 1881, followed by that of Bad. 
paratyphoeum- A ABrion and Kayser), of Bad. paraiyphoaum-B (Schottra tiller), 
and of Bad. paratyphosum-C (Hirschfeld, 1919). 

Geographical distribution. — Besides being the scourge of the young 
European in India, enteric is coimuon enough in Japan, in China, in 
Cochin-China, in the Philippines, in Malaya, in Mauritius, in West and 
South Africa, in Algeria, and, in fact, wherever it has Iwn projx^rly 
sought. Thanks to protective inoculation with the triple vaccine (T.A.B.) 
and to sanitary^ measures, enteric fever during the 1914^- 1918 war was 
no longer the chief disease in our armies. 

Prevalence. — Enteric fever is prevalent among young soldiers and 
recently-arrived civilians in the East, but, fortuiiat^dy, liability to inflection 
decreases with length of residence, owing apparently to acquired immunity. 
The well-known immunity of native races to typhoid is probably due 
either to mild attacks of the disease in childhood or to the iininunisdiig 
effect of living in constant contact with typhoid infection. In insanitary 
native cities-^hinese, for exaniph^ — where the European would almost 
surely contract typhoid, the natives have acquired a high degree of 
immunity. The typhoid and paratyphoid inh^ctions among Europeans 
in the tropics appear to lie more virulent, and to cause a death-rate twice 
as heavy as that commonly observed in England. According to English 
statistics, the death-rate is given as about 1 in 8 attacked, but in India 
only recently the death-rate is stated as rather over 1 in 8, 

Up to the early days of this centuiy, typhoid in India used to kill 
more European soldiers than did cholera. Enteric fevers are apt to 
occur in camps in localities previously unoccupied by man. This has 
long been noted in India, while in Australia typhoid has occurred in 
the back country many hundreds of miles from human habitations. 

Epidemiology and endemiology. — The essential factor in the pro- 
pagation of enteric fevers in the tropics, as in temperate climates, is 
tfa^ individual who is passing enteric bacilli in his urine or fieoes, or in 
both. He may be in tne acute or the convalescent stage, or a ** carrier." 
Three kinds of enteric carriers are mentioned by writers on this subject : 
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(a) The aeiUe earner,* .who passes enteric bacilli in the excreta for a short 
period after an attack of enteric fever. (6) The chronic carrier , who continues 
to pass enteric bacilli in the excreta for years, possibly permanently. 
Chronic carriers are more often women than men. The gall-bladder 
being the seat of a chronic infection, the carrier may be the victim of 
gall-stones and cholecystitis, (c) The passive carrier is one who continues 
to pass enteric bacilli in the fsBces without having actually suffered from 
enteric fever. 

The enteric carrier is a danger to the community, the degree of danger 
depending to some extent on his personal hygiene, but much more on 
the sanitary condition of the locality. Under an efficient water-carriage 
system of sewage disposal there is a minimum risk. Where the conservancy 
system — i.e. the dry closest — is employed, as in the tropics generally, 
the risk of infection is great. The modes of infection are : (1) directly 
from the infected person (patient or carrier) to the susceptible ; (2) in- 
directly through water supply ; and (3) indirectly by fly-carriage and 
contamination of food. 

Bad., typhosum is practically world-wide. Paratyphoid-A fever is the 
most common form in the East (India), paratyphoid-B fever in Europe. 
During the 1914-1918 war the majority of enteric infections in France 
were paratyphoid-B, and the most extensive epidemic in the British and 
French troops was on the Gallipoli peninsula in 1915. But, relatively to 
former campaigns, cases of typhoid were few, th(‘ armies being almost 
completely protected by antityphoid inoculation. In the' earlier part 
paratyphoid-B was tlie prevailing infection, while in the later phas(‘s th<» 
cases were almost exclusively paratyphoid- A. Paratyphoid-C h‘ver, 
which ro84»rable8 the fevers caused by B. cerirycke and B. suipesHJer, is 
wid<*spread in British Guiana, but elsewhere has probably not the ejude- 
rniological importance of the other three (Giglioli). 

Etiology. — Description of organisms, — Bad. {ScUmonelia) typhosum is a 
Gram -negative motile rod, 2-4 p in length and 0*5 p in thickness. It is provided 
with numerous peritriohous flagella, and is very active when grown on artifleial 
media. On th^ it thrives well, with growth resembling that of Baderium 
coli, but less dense. In its biochemical reactions it differs considerably from 
that organism, and produces acid without gas-formation in malt^, glucose, 
and mannite, but causes no change in lacTtose, saccharose, and dulcite. It 
produces slight acidity in milk without clotting. No indol is produced in peptone 
water (seeTable VII, p. 468). A new method of identifying strains of Bad. typhosum 
has b^ introduoed by the discovery by Craigie and Yen of the type-specific 
typhoid Vi bacteriophages. By this technique it is possible to divide typhoid 
bacilli into a number of well-defined types. The phage type of a strain is a 
permanent obaraoter and the typing of the typhoid ba^rium by these meam 
gives reliable results. The paratyphoid bacilli A, B, and C resemble in their 
general morphological characters and staining reactions Bad, typhosum^ but 
ffiffer Bom it in their biochemical and immi^ty reactions. «They also, like 
Bad. typkemm^ are non-lactose-fermentm, but pr^uoe acid and gas in glucose, 
niannite, maltose, and dulcite, though they do not affect saooharoee nor form 
indol in peptone water. Parktyphedd-A bacillus is weaker in fermentative 
power than B, and it produces permanent acidity in litmus milk, whilst B first 
pi^oduoes acid, letuitdi^g; later to a permanent idkidine reaction. Their immunity 
aie also quite spedfio* Paraty|diokl-C bacillus differs firom B in its 
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immunity reactions, and some bacteriologists might prefer to call it a serological 
race of B, suipe^ifer. 

The portal of entry of the enteric bacilli into the tissues of their host appears 
to be the lymphoid masses forming the Peyer's patches and solitary foUicles 
of the ileum. Here they cause a hyperplasia of the lymphoid tissues, followed 
at a later stage, in severe cases, by necrosis, slougldng and ulceration. The 
bacilli pass on to the lymphatic glands oi the mesehtery and posterior abdomen, 
which b^me enlarged. Finally, they enter the blood-stream. The period 
of bacillsemia coincides with the early febrile stage* of the disease, and hsemo- 
culture is successful in the majority of cases in which it is undertaken sufficiently 
early — i.e. while the temperature is still rising, or when it is continued without 
marked remissions. It is seldom successful after the first marked morning 
remission, especially in paratyphoid fever, or after lysis has commenced. The 
duration of bacillsemia varies greatly, depending on the severity of the case 
and duration of the pyrexia. It is, on an average, longer in typhoid than in 
the paratyphoid fevers. It is important, therefore, in the diagnosis of enteric 
fever, to set about hsemoculture as early as possible ; every day’s delay diminishes 
the chance of success. 

Alternately, it has been suggested that in enteric infections the invading 
organisms enter the blood-stream first (possibly through the tonsils), and that the 
intestinal lesions are secondary to the bacillsemia. 

Although bacilli are eliminated in the faeces and urine, they cannot always be 
isolated from the excreta, even on repeated examinations, though the use of 
selective media has increased the proportion of successful results. 

Pathology. — ^The most striking lesions found post mortem (in auldition to 
the tissue changes common to all continued fevers) are : ulceration of the 
intestine, especially the Peyer’s patches and solitary follicles in the ileum and 
jejunum ; enlargement and congestion of the al^ominal lymphatics ; and 
enlargement and congestion of the spleen. 

The most notable differences in the post-mortem appearances between t3rphoid 
and the paratyphoid fevers are : in paratyphoid fevers the intestines more 
frequently show no change, though they may be acutely infiam^ throughout 
their length, the lymphatic tissue escaping ; and in paratyphoid fevers ulceration 
of the large intestine is relatively more ^quent. Paratyphoid-C is in many 
instances a septicsemia, and deep metastatic abscesses due to this organism 
w&te described by Giglioli. 

Poet-^noriem bacteriology , — The causative organism in enteric fevers may 
be recovered poet mortem from the intestinal lesions, the enlarged abdominal 
lymphatics, the spleen, the gall-bladder, the heart’s blood, and other tissues. 

Symptoms. — The usual incubation period for all the enteric infections 
is about fourteen days, but it may be shorter than seven or longer than 
twenty-one days. 

There is a wide range in the severity of the infections, and one clinical 
description cannot apply equally to all cases, from the mildest to the 
most severe. The variation is, however, more in the degree than in the 
nature of the clinical manifestations. After all that has been written, 
especially durihg the 191^1918 war, on atypical ” enteric fever, this 
group remains, whether in inoculated or uninoculated patients, remarkably 
rime to one type — which may be termed the “ enteric type.’^ 

The typical cneet is a gradual one, but it may, especially in paratyphoid 
fever, to sudden, with a shiver or even a rigor. Headache is the most 
constant ^ly symptom, and is usually accompanied by malaise, anorexia, 
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pains throughout the body and limbs, and insomnia. The tongue is 
coated, the mouth dry and uncomfortable, and the patient thirsty. There 
is a characteristic moist facies with cheek-flush, and a general apathy. 
These symptoms vary greatly, and in the mildest cases may pass 
undetected. Epistaxis is more common in typhoid than in paratyphoid. 
There may be pain or general uneasiness in the abdomen, but in mild 
paratyphoids the patient in many cases does not refer to that region. 
There may be diarrhoea from the commencement, or diarrhoea followed 
in a few days by constipation, or the patient may have obstinate con- 
stipation from the beginning. The temperature is invariably raised. 
It may mount step-ladder- like during the first week, or it may rise suddenly, 
to reach its highest point in the first 24-28 hours, and, after a period of 
continued fever, begin to remit in the morning and terminate by lysis. 



A highly characteristic feature of all the enteric infections is the pulse, 
which is usually soft, often dicrotic, and relatively slow (Charts 16-18). 

On physical examination, the abdomen may be found more or less 
distended, as in severe typhoid, or there may be little or no distension, 
as in the majority of paratyphoids. Splenic enlargement is practically 
constant, the organ usually being largo enough, at some stages of the 
illness, for its lower pole to be palpable below the left costal margin. 
It may be felt in some cases on the second or third day, if the patient 
comes under observation so early, or not until the second or third week, 
,or even later. In some cases it becomes palpable for the first time only 
after the temperature has become normal. Usually about the seventh 
to the tenth day, but it may be earlier or much later, “ rose spots '' appear. 
These vary considerably in number, size, shape, general characters and 
distribution. There may be only two or three on the abdomen, or the 
body and limbs may be covered, from the soles of the feet to the scalp. 
They are of a pale-rose colour, slightly-raised, round or lenticular, and 
fade on pressure. The more pro^se eruptions occur in paratyphoid 
fever, especially paratyphoid-A. When the eruption is not of this profuse 
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CbArt 17.— Paratyphoid- A fever, with graph of pulse-rate. (Oarrow,) 


type its distribution is characteristic : 90 per cent, or more of it is on 
the trunk, between the levels of the iliac crests and the nipples. The 
patient usuaUy coughs and has a certain degree of bronchitis. Certain 
features of B. typhosum infections, as they occur in Clpnese, have bt>en 
remarked upon by Wilkinson, Snapper and others. Multiple rigors 
are by no means uncommon. Hepatitis typhosa and jaundice, due to 
empyema of the ^11-bladder, are frequent, whilst hsBmorrhage, perforation 
and phlebitis are rare. The organism has been recovered from the cerebro- 
spinal fluid in patients with meningeal symptoms. Atrophy of the skin 
and alopecia are common sequelas, but the most dangerous complication 
is the lighting-up of long-standing pulmonary tuberculosis. 

A patient with bronchitis who is more seriously ill than the bronchitic 
condition would explain should be suspfjcted of typhoid. 



Imr, witli of pufie-raia, ((Tdmav.) 
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Diaonosis 

Clinical diagnosis. — In the literature of enteric there is frequent 
reference to mild, atypical, abortive, and clinically unrecognizable forms ; 
and it appears to have become the custom to leave the question of diagnosis 
to the laboratory. This particularly so during the 1914-18 war, 
both at home and abroad, and it is greatly to be deprecated, because 
careful and repeated clinical scrutiny of these cases is more than ever 
necessary. In Garrow‘8 opinion, the great majority can be correctly 
diagnosed clinically. While laboratory methods of diagnosis in the enteric 
group are undoubtedly important, undue value has been attached to 
certain bacteriological and serological findings, even to the extent of 
creating new clinical t 3 rpe 8 of the disease to correspond to them. Far 
from being protean in their clinical manifestations, the enteric fevers are 
remarkably constant and true to type. The cardinal signs are five : (1) 
pyrexia of remittent type ending by lysis ; (2) low pulse-temperature 
ratio ; (8) characteristic toxaemia ; (4) splenic enlargement ; (5) eruption 
of rose spots. It is not pretended that this list exhausts the diagnostic 
signs and symptoms ; but a consideration of these five signs will, in the 
great majority even of the milder cases, lead to correct diagnosis. 

(1) Pyrexia — Continued pyrexia of remittent type, ending by lysis, 
may l>e regarded as a feature of every ease of acute enteric fever (typhoid 
or paratyphoid). The pyrexia may be high or low, long or short, with 
remissions great or small. The onset of pyrexia may be gradual or sudden, 
and lysis may be slow or rapid, thus giving a great variety of temperature 
charts within the type ; but there is no good evidence to show that the 
fever ever departs from this type. C<ms prcMniing tlw, foUmdruj Jentnres 
certainly should not be regarded as enteric : 

(а) Temperature is normal or subnormal throughout the entire illness 

(“ apyrexial type of enteric ”). 

(б) Temperature reaches normal or subnormal at some period of the 

twenty-four hours on every day of the illness ( “ intermittent 
type of enteric”). 

(c) Temperature shows perfei^t tertian or quartan periodicity through- 

out (“ malarial type of enteric ”). 

(d) Temj^rature shows a series of short relapses of one to thret^ days’ 

duration, occurring at intervals of a few days (** trench-fever tyjie 
of enteric ”). 

(c) The temperature ends by a genuine crisis. 

Examples of all these so-called ” types of enteric fever ” will be found 
in the Uterature, the erroneous diagnosis having been based upon the 
unwarrantable bacteriological or serological finding. 

^2) Low pulsedemperature ratio. — One of the most valuable diagnostic 
points is the slowness of the pulse in relation to the pyrexia. The normal 
pu Ise-^temperature ratio may be tabulated as follows : 

Puke . . 50 60 70 80 90 100 no 120 130 140 

Ihmpeiatiire . 96® 97® 98® 99® 100® 101® 102® 103® 104® 105® 

hi enteric fever the pulse is, as a rule, 20, 80 or 40 beats per minute 
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slower than thus indicated. For example, it is common to find an enteric 
patient with a temperature ranging about 108® to 104® F. and a pulse 
of 90 beats per minute, or it may be even slower. If the pulse is recorded 
graphically in red ink alongside the temperature curve in black, a very 
striking clinical feature of great diagnostic significance is clearly brought 
out. 

(8) Characteristic ioxconia . — There is something very characteristic in 
the general appearance, facies, and decubitus of the enteric-fever patient. 
His disease may in many cases be confidently diagnosed by a glance. 
He has a dull, heavy, toxin-laden appearance in the early acute stage, 
with a moist face and flushed cheeks. The experienced clinician at once 
recognizes the difference between this and the toxemia of, say, malaria 
or relapsing fever. In the mildest paratyphoid infiK'tions tliere is little 
or nothing of this toxic appearance, whilst some infections other than 
enteric are accompanied by a general toxfiemia closely resembling it. 
Nevertheless, this sign, to the experienced physician, when taken in 
conjunction with the oAers, is of diagnostic significance. 

(4) Splenic erdargement , — As some degree of splenomegaly is practically 
invariable, this sign is of considerable value in making a diagnosis. Unlike 
the majority of tropical splenomegalies from other causes (malaria, kala- 
azar, etc.), the enlargement is acute, so that, even when superadded to a 
spleen already enlarged from malaria, it has certain exceptional features 
of diagnostic significance. For example, the acutely enlaiged spleen of 
enteric is tender. On palpation, the edge is seldom more than two fingers’ 
breadth below the costal margin, often not so much ; and the enlargement 
is of comparatively short duration. The spleen may only be palpable 
for two or three days, and then recede. It may become palpable as early 
as the second or third day of fewer, or not till the second or third week, 
and it may remain enlarged long into convalescence. 

(5) Bose spots may app^r in the first week, but more often in the 
second, and tend to come in crops. They may iK>t appear until the 
temperature is normal. In warm climates, many European skins are 
apt to show spots more or Jess like thc«ie of enteric fever, as the result of 
mosquito-bites and of inflammation of hair follicles or sweat-glands. 
Great care must be taken in discriminating betw^een the true spot and 
these “ pseudo-rose spots.” There are many European skins which, in 
spite of the trying conditions of the tropics, remain free from blemishes 
of this sort, and in these cases the recognition of the typical spots is 
relatively easy. 

Summary of clinical diojrnom. — Every undiagnosed fever in the tropics 
should be regarded as a possible case of enteric fever and closely observed 
clinically, at the same time that bacteriological and serolq^eal investi- 
gations are being carried out and Harris*.^ atropine test is applied. While 
valuable oUnical evidence may be obtained from occasional signs, such 
as epistaxis, pea-soup stools, abdominal distension, and htemorrliage from 
the bowel, the diagnosis should rest in the great majority of cases upon 
the presence or alienee of the five cardinal signs. Any case presenting 
the first, second, and third signs should be treated as enteric (whether 
the diagnosis is supported by laboratory^ findings or not) until some other 
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definite diagnosis is made. No case which does not show the first, together 
with at least two of the remaining four cardinal signs, should be definitely 
regarded as enteric. Five types of temperature chart have been described, 
any of which excludes enteric. These, however, imply that the case has 
had its temperature recorded from the outset, which is not often possible. 
In the majority of cases of active enteric fever, all five signs are present 
at one or other stage of the illness. 

Finally, it should be remembered that, for every case of enteric fever 
which imitates some other disease, there are at least a score of cases of 
other diseases imitating enteric (malaria, trench fever, phthisis, liver 
abscess, syphilis, etc.). 

Paratyphoid-C . — This, as observed by Giglioli in British Giiiana, 
although essentially a “ fever ” producing a temperature chart not unlike 
those of other paratyphoid fevers, is a septicasmia, and the intestinal tract 
may not be specially involved. Complications such as arthritis, abscess 
formation and cholecystitis are common, and fixation abscesses from 
intramuscular quinine injections may occasionally contain a pure culture 
of the bacillus. There appears to be a special connection between paraty- 
phoid-C inf(K*.tion and malaria. The mortality of Gigholi’s series of 92 cases 
of definitely diagnosed paratyphoid-C infections was 38 per cent. Probably 
a great number of alK)rtive and mild cases passed unobserved. A few cases 
have been rt^ported in the army in India during recent years. 

Bacteriological diagnosis of ** enteric (see p. 1014).— (a) Hcemo- 
culture is unquestionably the most satisfactory method of diagnosis ; it 
should be employed, wherever the nece^ssary facilities are available, in 
(!very case of undiagnosed pyrexia in the tropics as soon as a blood-film 
is found to be free from malaria parasites. A successful hapinoculture 
furnishes the only conclusive evidence that the patient is sufTering from 
active enteric fever, and can hardly be said to l>e open to fallacy. Unfortu- 
nately, however, the usefulness of the method is limited by the short duration 
of bacillmmia. In many cases w'hicb are undoubtedly enteric, negative 
results are obtained because hieraoculture has been attempted too late. 
Becent experience has shown that culture from the blood-clot gives the 
highest percentage of positive results. Culture of material obtained by 
sternal puncture (medulloculture) has been shown to be useful in para- 
typhoid B infections, and in China it has proved to be more practical and 
ndiable than blood culture. 

(6) Culture of excreta , — Urine and stools should be plated when blood- 
culture has failed, and this should bo repeated daring convale^ence to 
determine whether the patient is free from infection. Bacilluria occurs 
after the fourteenth day in about 25 per cent. In about 76 per cent, of 
cases, and, under modern conditions, by employing the brilliant green 
enrichment method, tetrathiOnate broth or Wilson 6in(i Blair’s agar medium 
for concentrating the typhoid and paratyphoid bacilli, cultivation of the 
organisms from the fesces in all stages is now sucoessful. Glass and Wi^ht 
(1987) Aow€k 1 that this method gave a high percentage of r^lts, especially 
in the early stages ; so that during the first two weeks it is more Ukely to 
be successful in diagnosis than the Widal reaction. Some positive findings 
from culture of excreta are open to fallacy. JPhe case may be one of an 
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enteric carrier suffering from some illness other than enteric — e.g., malaria 
or trench fever. The detection of carriers can only be effectually carried 
out in a fully-equipped laboratory ; at least seven separate and consecutive 
bacteriological f»cal tests are necessary. 

Serological diagnosis. — One of the simplest and most reliable laboratory 
tests is the examination of the blood -serum of suspected enteric-fever patients 
for the specific agglutinins of the enteric bacilli — the Widal rtadion. When 
carefully applied by reliable methods in uninoculated patients^ it g^ves a correct 
diagnosis in the great majority of cases. Assuming correct tech^que, the only 
possible fallacies are that a positive Widal reaction may result from a premous 
attack of enteric, and that a negative result may occur in the early stage of 
an attack of enteric. If a negative finding is obtained in face of clinical data 
pointing to enteric, the test should be repeated, on several occasions if necessary. 
A few cases of enteric, especially paratyphoid-A, may fail to develop agglutinins 
and continue to give a misleading negative Widal reaction throughout. 

The serological diagnosis of the enteric fevers in inoculated patients gave rise 
to much conflict of opinion during the 1914-1918 war. Inoculation produoe<l 
in the blood-serum specific agglutinins indistinguishable qualitatively or quantita- 
tively from those produced by infection. The mere recognition of these specific 
substances, therefore, had not the diagnostic significance in the inoculated that 
it has in the uninoculated. It had, until the recognition of H and O agglutinins, 
hardly any diagnostic vahie.- It was demonstrated, however, by Dreyer and 
his co-workers, and by others, that if an accurate estimate of the agglutinin 
content of the serum was made early in enteric fever and repeated at intervals of 
a few days, there is a steady rise to a maximum, followed by a slower fitll. Dreyer 
and Walker stated that this maximum usually occurred between the eighteenth 
and twenty-first days of the illness, and almost invariably between the sixteenth 
and twenty-fourth days. They therefore gave to the latter period the name 
'' period of expectation.** To this agglutinin fluctuation they attached a signi- 
ficance practically pathognomonic. The agglutinin fluctuation, when considered 
in relation to the clinical data, though us^l, cannot now in itqelf be regarded 
as conclusive. 

In uninoculated patients differential diagnosis is obtained by agglutina- 
tion tests with the patient's blood-serum against emulsions of the four 
organisms. Each infection produces its specific aggloiinin, and the 
phenomenon of co-i^lutination does not often interfere with the diagnosis. 
In patmts who have been inoculated with triple vaccine, differential 
diagnosis is considerably complicated. The response may be specific^ 
but . frequently two or all thre^ a^lutinins may show variations (see 
Appmdix, p. 1015). It is still held, as stated ateve, that a progressive 
rise in agglutinin titre to one specific antigen denotes active infection ; 
but it must be stressed that a rise in immune bodies (or residual-anamnesiio 
aii^hitinins) may be stimulated by other pyrogenic infectimis, such as 
malaria, 

Felix and PiU have shown that stndns of Bad, ipphoeum of high vimleiioe 
have tiie property of being relatively inagglutinable by sera which contain a 
hil^ titre of antibody acting on the 0 somaric anti^ whkdt is one rfthe 
moat <diaracteristio components of the ** smooth ** strains, and this inaggbitlit* 
ahihty is asaodated with the poasestion of addiUonal antfgmiic oonstltnenlf 
whidi oaa be differentiated irom the ordinmy aii%eii« Thoa* miec 
immunised with a vaodne containing the additional antigen in an active lorm 
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are rendered resistant to injection of highly rirulent bacilli. This antigen is 
separate and distinct from the O and H (flagellar) *’ antigens of Bad. 
typhosum (and this applies to the paratyphoid group) and renders the O 
antigen resistant to the ** 0 ” antilx^y. The symbol Vi (referring to virulence) 
is suggested for this antigen and the corresponding antibody. This Vi antibody 
is demonstrable by agglutination and abscarption tests, and its in vitro titre is 
comparatively low. Active and passive immunization disclose the powerful 
protective action of the Vi antibody. The “O’* antibody also neutralizes the 
endotoxin of B. typhoaum^ whereas the Vi and H ** antibc^es are incapable of 
this action. Perry, Findlay and Benstead showed that virulence for mice, 
rather than mere smoothness in the usually accepted sense, offers the best 
criterion of the immunizing power. 

The symbols “ H ” and “ O ” stand for German terms which denote respectively 
cultures which spread or which remain circumscribed. There are two main 
types of typhoid bacilli : the V form which contains “ H,” “ O ” and Vi antigens, 
and the “ W ” form which does not contain Vi antigen. Craigie discovert a 
method of typing typhoid bacilli by specific bacteriophages, of which no less 
than 13 are now recognized, and by the use of which it is possible to detect the 
source from which the organisms have been derived. 

The original claim madb by Felix that only H,*' but not O agglutinins 
are formed as the result of passive inoculation, and not as the result of infection 
by living organisms, appears to be incorrect, since both may appear, and also 
Vi ag^utinins, as the result of inoculation with dead organisms. It is held 
that H *’ agglutininogens are heat-labile and are also destroyed by alcohol, 
while '' O agglutininogens are heat-stable. 

Atropine test. — This test, devised by Marris, depends on the fact that in 
health, or disease other than enteric, a hypodermic injection of atropine sulphate 
(s's gr.) is followed by a rise in the pulse-rate amounting to at least 15 beats 
per minute, whereas in enteric no such rise follows. Should there be any rise 
at all, it will be less than 14 beats per minute, but often there is none. 

The patient should lie horizontally and remain at perfect rest. He should 
not be tested until at least one hour after the last meal. The pulse-rate should 
be counted for at least ten minutes, and then gr. ^ of atropine should be injected 
over the triceps region. After an interval of twenty -five minutes the pulse 
should be counted again, minute by minute, until it is clear that any rise which 
may have followed the injection has b^^n to pass off. The period of the disease 
during which the test is most reliable is said to be the fifth day to the end of 
the second week. 

Auxiliary methods of diagnosis.— The diazo-reaction in the urine is useful, 
but may be present in malaria. Russo^s methylene-blue test is said to be more 
conclusive, as it is absent in malaria. 

Differential diagnoeie.— The abdominal pain of enteric may be 
mistaken for aypmdiciHst but the matter may easily be settled by a 
leucocyte coonti which in the former shows a leucopenia with a relative 
lymphoeytosiB, and in the latter an active leucooytosis. Bacterium coli 
injediona may resemble enteric, l^phus is notably difficult to distinguish 
in its earlier phases, though the leucocytoris in that disease may be of 
considerable assistmiee. . 

It must not be forgotten that enteric fever may co-exist with some 
other acute infection such as malaria, 

Diagnoeic of byjikoii from porofyplMHd.— There is no clinical feature to 
distinguish the typhoid and piuratyphoid infections from one another 
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with any certainty. Yet there are general points in which they differ. 
Thus, typhoid fever {Bact. typhomm) is the most severe of the group, 
with the highest case-mortality (15 per cent, or over, as compared with 
2 per cent, or less for the paratyphoid fevers). The typhoid patient looks 
more toxic ; his temperature is, on an average, higher, with smaller 
morning remissions ; he more frequently shows evidence of gross intestinal 
lesions (ulceration) e.g. diarrhoea, hasmorrhage, abdominal distension, 
perforation. The rash is more scanty and the individual “ rose spots 
are smaller and slightly darker than in paratyphoid. There is greater 
loss of flesh in typhoid than in paratyphoid. Paratyphoid is characterized 
by a milder toxaemia. There is seldom abdominal pain or distension, 
and constipation is the rule. Haemorrhage and perforation are rare. 
The rash is more profuse and may cover the entire body and limbs. 

But typhoid is frequently of the very mild type, and, on the other hand, 
paratyphoid may be like the worst typhoid . It is therefore quite impossible 
to say on clinical grounds alone whether any individual case is one of 
typhoid or paratyphoid. 

Still less is it possible to arrive at a difierential diagnosis on clinical grounds 
between A, B, and C cases of paratyphoid^ although here again, over a series 
of cases, distinct clinical differences can be noticed. For example, relapses in 
paratyphoid -A are more frequent than in any other of the enteric infections, 
and less frequent in paratyphoid- B. Paratyphoid- A is, on an average, of longer 
febrile duration than paratyphoid -B, but the latter, on the other hand, is more 
often followed by jaundice, thrombosis and suppurative complications. 

Treatment. — There is no generally accepted specific therapy for 
enteric fever ; not is there any drug which is known to exercise an active 
influence over this disease. In these circumstances it is best to confine 
treatment to providing the best hygienic conditions, good nursing, and 
careful dieting. All that the great majority of mild paratyphoid cases 
require is a soap-and-water enema every other day to relieve the con- 
stipation. !Milk should be the diet while the patient is febrile ; thereafter 
custard, milk pudding, soup, fish, and meat diet. Tlie diet should contain 
about 70 grm. of protein a day, with a caloric value of 2,500^,000. Water 
should be given freely. Purgative medicines should be avoided. The 
care and cleanliness of the mouth and teeth are important. 

In cases marked by peat toxicity with high temperature (over 102*6® P.) 
and no morning remissions, tepid sponging is beneficial j in the worst 
cases the cold bath or ice pack may be The temperature of the 

water should be between 70® and 85® P. ; a tub of canvas and mackintosh 
sheeting may be improvised. Food may l)e given as a stimulant after 
the bath. The rectal temperature should be taken immediately on 
removal from the water, and again three-quarters of an hour later. 

Felix's afUiserum ireaimefU , — Working on his observations on the 
virulence of smooth strains of B. iyphosum towards tiie ** 0 antibody 
and the Vi antigen which is definitely associated with virulence, FeKx 
(1985) produced an efficient antiserum from horses by injecting ihe Vi 
antib^y. The therapeutic effects of this serum have been tested in a 
number of ei^ in Pi^iine and in Dublin. The results so far obtained 
are encouraging, for they indicate a favourable action on the toxastnic 
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manifestations of the disease and the pyrexia. The dose is 25 c.c. of 
serum on three successive days. In very severe cases this dose may be 
doubled. McSweeney reported the recovery of a dangerous relapse 
treated in this manner, as well as of a child of four years with typhoid 
meningitis in which the bacillus had been recovered from the cerebro- 
spinal fluid. 

It is necessary that the serum should be injected early in the course of the 
disease. Cookson and Faoey (1937), in a report upon 73 cases, noted in 73 per 
cent, an improvement within forty -eight hours of the injection ; in a further 
10 per cent., some benefit accrued after a few days* interval, and in these it is 
possible that the action of the serum was delayed. The mortality of patients 
treated in this manner was 9*5 per cent. Robertson and Yu in Shanghai 
confirmed these results in 52 severe cases of typhoid. Using a concentrated 
serum, the standard dose employed for an adult was 60 c.c. administered intra- 
muscularly. Thirty cases responded by a drop in temperature and a decrease 
in toxic symptoms. In 15 cases no appreciable effects were observed. 

Metallic tin. — Reitler and Marberg (1943) in Palestine showed that 
metallic tin exerts a slow bactericidal action on Baci. iyphosum : a preparation 
of tin stearate and colloidal metallic tin has a favourable action in typhoid 
fever, decreasing the death-rate to 3 per cent, in 100 selected cases, whilst the 
average death-rate of a control group of 428 patients was 8-2 per cent. They 
i)elieved that thc^se effects are due to the coincidence that the drug and causative 
organism have a common site of accumulation in the lymphatic nodes. It is 
also effective in the carrier state. Each tablet contains 0-012 grm. of tin. The 
drug is given daily for ten da}^. Adolescents receive 16 tablets on the first 
day ; 8 tablets daily for the following 9. The dose above 16 years of age is 
20 tablets on the first day ; subsequently 10 tablets for the following 9 days. 
In cases of ooncomitant pneumonia the combination of tin ;ind sulphapyridine 
causes severe vomiting ; therefore the latter should be given Ijy the parenteral 
route. 

Vitamin C in treatment. — intravenous injection of this vitamin, together 
with extracts of the suprarenal glands containing the hormone, were advocated 
by Hartmann and others. The cortical hormone is Eschatin (P. D. & Co.), 
which contains only a negligible quantity of adrenalin. The vitamin C pre- 
(laration is known as C6bion (Merck). Intravenous injection of suprarenal 
cortical extract is commenced in doses from 6-20 c.c., together with 500-1,000 
mgm. of vitamin C. The two products are injected together. 

Mandelic acid. — Basing his premises on the biological relationship between 
Bac4. coii and £act. typhomtm, Klecberg advocated’ the routine use of mandelic 
acid which he claims influences the course of the fever. 

The managoineiit of convalescence demands care, especially in para- 
ty[)hoid-A infections, and the return to solid diet should be postponed 
until the temperature has remained normal for at least ten days. 

For the bacilluxia associated with enteric, urotropine (hexamine) in 
doses of gr. 10 three times a day usually acts, though the sulphonamides — 
sulphapyridine especially— are proving more efficacious. 

h haBmorrbage, all fluids should be stopped for at least 48 hours, and 
sufficient morphia injected to keep the patient at rest. Though a very 
large amount of blo^ may be lost without causing a fatal result, yet, 
when feeding is recommenced it should be proceeded with very carefully. 
As a general rule, one large haemorrhage is less serious than a number 
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of smaUer ones. When bleeding has ceased, a subcutaneous infusion 
with saline up to pints may be permitted, and this may be repeated 
later should no further hcsmorrhage occur. Blood transfusion has been 
employed with advantage and appears to arrest the haemorrhage. It is 
advisable, should haemorrhage be suspected, to give 80 gr. of calcium 
lactate three times daily ; some make a practice of doing so from the 
sixteenth to the twentieth day of a typhoid fever, and from the fourteenth 
to the eighteenth day of a paratyphoid. In thrombosis, sodium citrate is 
indicated. 

Prophylaxis. — ArUi-eitieric inoetdation has been conspicuously success- 
ful, as shown by the statistics of the Americam Army, and of the British 
Army in India. During the 1914-18 wau: the vaccine was modified 
by the introduction of Bad, paratyphosum-A amd -B, and the statistics 
furnish conclusive evidence of the efficacy of this measure of prevention, 
not only in lessening the incidence, but also in modifying the disease or 
diseases. Therefore, everybody proceeding from a country such aw 
England to the tropics or subtropics should be inoculated with two doses 
of triple vaujcine (T.A.B.), amd should be re-inoculated every three years 
subsequently with one dose, so long as he remains in a country where 
enteric is prevalent. 

The typhoid vawwjine, as originally introduced, caused a considerable 
reaction, but by better methods of preparation and dosage in recent 
years the reaction has been mitigat^. The official vatccine contains 
1,000 millions of typhoid bacilli, 750 millions of paratyphoid- A, and an 
equal number of pairatyphoid-B, to each c.c. Two doses of 0*5 c.c. and 
1 C.C. are given at am interval of ten days. The reaction in the majority 
of instances is slight. Occitsionally, however, cases of persistent pyrexia 
with severe local sjrmptoms, malaise, and headaiche awe met. In countries 
where paratyphoid-C is prevalent a tetravalent vaccine should be employed. 

PreparaUm of the vaccine , — ^The organisms are grown upon tiypsin-agar, 
washed off in saline and killed by heat. The vaccine is then standakiized by 
combining the various bacterial suspensions in their appropriate proportions. 
The final emuMon is preserved by the addition of 0*4 per cent, lysol. 

StaMies , — During the South Afiican War, when prophylactic inoculation 
was inoompletely jmctised, there were 60,000 cases of enteric, with 8,227 deaths. 
With milH^ of men under irms during the first two years of the 1014-18 war, 
only some 4,000 cases of enteric were repmted firom France, with a case-mortality 
ci less than 2 per cent. In the Navy, Bassett-Smith's statistios record an 
incidenoe of only 144 cases of enteric during the year 1017, of which 8 occurred 
in inoculated and 1S6 in uninoculated individnids. 

Hie American Army shows much the sMiie figures ; for two years, 1017-10, 
ammig an average strength of over two mUlion men, there wm only 21S deaths 
firom enteric, ai^ it is oalcalated that, had typhoid prevailed in tl^ same pro- 
portioii as in the uninocnlated troops in the Spank^- American WsTt the death- 
rdl from thk cause would have becm over 60,000. 

la the Royal Air Force a dissolved T.A.B. vaccine is used, the scdvsnt heliig 
sodinm lamyl st^f^bale. Hiis vaccine is prepared by Ofauco Laboratories. 
When injected it rise to leaorionseonsidivably milder tlwadiri that 

employed, thoii^ R ameare to produce an equal quanrity of bactericidal bodies 
in the blood of inoonlatsd peieoiis. No definite com^tlon oonld be found 
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between the H and O agglutinin titre and the bactericidal potency of the human 
sera tested. 

The problem of enteric infections among natives employed in the Rand Gold 
Mines has given rise to a considerable degree of anxiety. In seven years ( 1930-37 ) 
the number of oases was 6,611, and the carrier problem ” among these people 
is very serious. In December, 1936, inoculation with mdoU)xoid vaccine was 
initial, with a great diminution in the number of cases of enteric notified. 
The prophylactic inoculation against typhoid and paratyphoid fevers has been 
recommended by the Transvaal Mines Medical Officers" Association. 

Vi antigen . — Recent work by Felix on typhoid and paratyphoid antigens 
has shown that formalin (commonly used for killing cultures) has a definite 
deleterious action on “ 0 ” antigen which is concerned with typhoid 
inununity, whereas heating to 60° C, or higher, leaves this antigen intact. 
Another antigen of typhoid — the Vi antigen— which Felix maintains is 
connected with typhoid immunity, is destroyed by heating to 60° C, or 
by fonnalin, but can be preserved by killing the bacteria with 75 per 
cent, alchohol. 

The new Vi alcohol-killed vaccine is now under trial. The vaccine 
retains its power after storage in the cold for at least nine months. Felix, 
Rainsford and Stokes compared this Vi vaccine (T.A.B.) with ordinary 
heat-killed T.A.B. and T.A.B.C. vaccine from various sources. Two 
marked differences were found between groups, of subjects inoculated 
with the two types : alcohol-killed and preserved vaccines stimulated 
dt^monstrable Vi antibodies in a relatively high proportion, whereas the 
Vi antibody response to ordinary vaccines is negligible. No significant 
difference in 0 antibody response was observed. Reactions produced 
by alcoholized vaccines were milder than by the ordinary method. 

Fdix'e Vi Vaccine contains ; 

1,000 million Bad. typhoeum. 

500 „ A, B, C. per. o.c. 


Dosage. 


1st. dose. 

2nd. dose. 

Adult males 

, , 

. . 0*25 c.c. 

0-6 c.c. 

„ females 


. 0-2 „ 

0-4 

Children 

16-18 


. 0-2 „ 

0-4 

13-15 

, , 

. 01 „ 

0-2 „ 

9-12 

, 

. 005 „ 

01 .. 

under 8 

. 

. 005 „ 

006 


Interval between injeottons : three weeks ; revaccination advisable one 
.vc5ar after primary immunization. The injections should be made as late as 
possible in the day. 

Meamree to awid infedian . — The most effective method for avoiding 
enteric infection is tJbe water-carrii^^e system of sewage-disposal. This, 
however, is not general in the tropics, so that other methods must be 
consider^. They are : (a) detection of enteric carriers and their control, 
t*8pecially in relation to the selection, distribution and cooking of food ; 
(b) protection of water supplies ; (c) extermination of flies, and preventing 
them from ao<^ to excreta 4nd refuse on the one hand, and to food for 
human consumption on the other. 
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Entbrio-ukk Fbvbrs 

Septicaemia due to Bacterium fascalia tdhaUgencs and other organisms. 
During recent years a series of mild pyrejaas, of either remittent or intermittent 
type, has been proved by Hirst and others to be due to infection with Bact, 
fcecaUs alkaligenes (Table VH, p. 468). It is a common inhabitant of the intestinal 
canal, where it is not definitely known to exert any pathogenic action. The 
fever it gives rise to in the blood-stream may last from two to fifteen days. 
There is ui evening rise with marked morning remission. The symptoms 
resemble those of a mild enteric, the pulse is slow in relation to the temperature, 
and the tongue is slightly furred. In some cases the patient's serum clumps 
the homologous organism in a dilution of 1 in 50. 

In outbreaks of food -poisoning or “ ptomaine poisoning,'* which occur from 
time to time, bacilli of the Salmonella group, Bact, ent^iHdis, Bact, certryche 
and Bad, suipestifer^ have been isolated from the blood-stream. The fevers they 
produce have many features in common with enteric. They differ in the sudden- 
ness of the onset, with rigors, the accentuation of the gastro-intestinal symptoms, 
the short duration and rapid termination of the fever. Bad, certrycke resembles 
Bad, paralyphoaum-B in its biochemical, but may be differentiate by its sero- 
logical reactions. 

Bacterium coli infections. — Infection of the bladder and urinary tract 
with Bad, coli is frequently met in both sexes in the tropics. Should the 
organism enter the blood -stream it may give rise to a prolonged intermittent 
pyrexia resembling enteric. Bad, coli septicaemia and pyaemia may be a terminal 
infection in debilitated natives, especially as a sequel of bacillary dysentery ; 
in these cases the organisms gain entrance to the blood-stream through the 
intestinal lesions, and, becoming arrested in the glomeruli, give rise to multiple 
minute abscesses in the cortex of the kidneys, from which they escape inter- 
mittently and appear in the urine (Fig. 53). The condition, which was first 
described in Enright and the l^tor, has now been found fairly 

commonly as a sequel of bacillary dysentery in the Middle Blast. The general 
condition of the patient, the stupor and the intoxication, may resemble those 
of enteric, but the onset is generally sudden, with headache, and acute pain 
referred to both kidney regions. Usually vesical irritation is absent. The tongue 
is thickly furred ; rigors are numerous and accompanied by profuse sweats. The 
organism may be recovered in pure culture from the blood-stream during the 
rigors, as well as Grom the urine by ureteric catheterization. The acute attacks 
are apt to be ccmfused with those of malaria. This form of Bad, coli infection is 
amenable to sulphonamide (sulphapyridine and sulphadiaztne) treatment. 

Pyelitis. — It was formeiiy ooiundered that the anatomical relationship of 
the renal pelvis to the colon determined the frequency of infection, especially 
of women, but Leisbman (1939) found that looseness of the bowels was the most 
frequent determining factor, suggestixig an aseending infection. The symptoms 
may commence with a rigor and a dull aching pain in the bins which is increased 
on pressure. Micturition may be frrequent, s^ sometimes a iMge and tender 
kidney may be palpated. The results <d infiammaibn are soon seen in the 
urine, which contains albumin, pus cells, and ■ometimes even bbcxL Bad, 
cdi iM present in large numbers, especially in the first specimen of urine passed 
during the day. I^erentiatbn fr^m malaria, which it may cbsely resembb, 
may be necessary. CysUiU with pyrexia and add urine may also be dus to 
Bad,d)li 1 ^ is very apt to occur as a sequel to any debilitat^ tropioal fever, 
especially in enteric infii^ons. It bdways necessary to consider this possibility. 
Bad, coli infections of the urinary tract are quite commonly engrafted upon 
ttmra mmonm infeciion. Such ss tubetcubsis, and may mask the 
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original pioture of this disease. The possibility of ascending infection of the 
ureters from a long-standing prostatitis or urethritis in the male must not be 
ignored. In women this may be a sequel of miscarriage or parturition. 

TrealmerU . — The treatment of Bcui, coli infections of the urinary tract, which 
is so important in tropical practice, has been placed on a much surer and more 
satisfactory footing by modem discoveries in therapeutics. It was found that 
the excretion of ketone bodies in the urine destroyed the greater number 



Fig. 5J.~Se€t!oiM of kidney ht Bad, cdi septicmmU. 

I , Aggregation of ofgnnliiiiui in fntertubular capiltariee ; S, cotlection of organisms in a moduUary 
vein ; S, iMuMagfi of baoiUi through tubular epithelium of duct of Bellini into himen. 

of the Bad. ooU organisms, and this led to the application of manddic acid, 
which produces similar changes in the urine. MandeUo acid is related to 
^i-hydrokybutyrio acid and i^oduoes a high degree of acidity— pH5 — in the 
urine, together with acetone. A methyl-red indicator is employed to estimate 
the hydrogen-ion concentration. 

The ori^boal mandelio acid method has now been superseded by .the use of 
oiore moo^ preparations, such as ammonium mai^elate, mandelix and 
niandeool. In which ammonium chloride is combined with roandelic acM. These 
preparations are given as 1-2 drachm doses three times daily directly after 
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meals until the urine has become sufficiently acid, the fluid intake being restricted 
to 40 oa. daily, and are very often succee^ul in oases of pure Bad, <xli p 3 reliti 8 . 

Sulphonamides have now come into use And threaten to supersede the mandelio 
acid preparations. They are especially useful in Bad, coli cystitis and trigonitis. 
The Editor employed sulphapyridine and Bulphadiasine in doses up to 3 grm. daily 
for ten to fourteen days. Th^ may be reinforoed, if necessary, by after-treatment 
with mandelic atcid preparations. Kenny, Johnston, and von Haebler (1937) 
recommended p-aminobenzene solphonamide in the treatment of Bad, coli 
infections of the urinary tract. T^ is especially important in the Bad, coli 
pyelitis of children, and also in pregnant women. Comparatively small doses 
(1*5 grm. daily) effect a rapid disappearance of Bad, coli and pus cells and the 
remission of symptoms, llie bactericidal power of the urine is roughly pro- 
portional to the s^phonamide content. The toxic manifestations of these drugs, 
which include sulphserooglobinfiemia or methiemoglobiniemia, are not common. 
In some patients they may produce headaches, or even drug fever and abdominal 
pain. and other sulphur-containing substances should be eliminated fk>m 

the diet daring the administration. It is necessary to estimate the leucocyte 
count at r^pilar intervals, as lenoopenia, or even agranuloo 3 rt 08 i 8 , may supervene. 

It must be emphasized that, in employing these therapeutic measures, the 
condition of the kidneys and ureters should first be ascmtained by means of 
ex<ueticHi un^^phy (uroselectan). Sometimes a calculus may be discovered 
in the renal pelvis or in the ureters, which may be the seat of the Bad, coli 
infection, necessitating surgical intervention. 



Subsection EL DISEASES CAUSED BY VIRUSES 

Preliminary Statement 

Virus infections become increasingly important. year by year as the number of 
human » animal and plant diseases attributed to the agency of viruses grows 
greater. The consensus of opinion now inclines to the view that bacteriophages 
must be included. 

It is, however, recognized that not all viruses are alike. Certain plant viruses, 
such as those of tobacco mosaic and bushy stunt of tomatoes, and those affecting 
cucumbers, have been shown by Stanley in America and by workers in Great 
Britain, to consist of heavy proteins — almost certainly nucleo-proteins — with 
molecular weights of several millions. Certain of these virtises can be obtained 
in the form of true crystals. Although there is evidence that bacteriophage 
and some animal viruses may also be heavy proteins, no animal virus has yet 
been isolatcMl in a crystalline form. The la^er animal viruses, at any rate, 
are more complex, and a few of them, notably those producing psittacosis, 
inclusion conjunctivitis and lymphogranuloma inguinale, exhibit developmental 
phases. 

Very frequently the adjectives “ filterable ” or “ u1tra<microscopic ” are 
applied to viruses ; both terms are unsatisfactory. Many of the smaller bacteria 
readily pass through filter candles, while the same is true of many spirochsetes. 
Certain bacteria, such as those causing pleuro-pneumonia of cattle, or agalactia 
in sheep, also have filterable phases, while many true viruses only pass with 
difficulty through diatomaoeous or porcelain filters. With ordinary microscopes, 
using direct illumination, the limit of resolution lies between ().l and 0.2 ^i. 
Barnard, using ultra-violet light and special optical apparatus, was, however, 
able to photograph bodies of considerably smaller size. Many of the larger 
viruses, such as those of psittacosis, vaccinia, ectromelia, and herpes febrilis, have 
been successfully photographed, and stained, the dimensions obtained by these 
means agreeing very closely with those calculated from filtration experiments. A 
revolutionary method for visualizing virus particles is the magnetic electron 
microscope, or super- microscope, by which it is possible to obtain photographs of 
virus particles magnified by 20,000. The principle on which this instrument 
operates is that free electrons and beams of electrons can be deflected by an electro- 
magnetic field. Such a field or magnetic lens is pit^uced by a current-carrying 
c?oil. Probably the best working definition of viruses is that suggested by 
Gardner, who refers to them as “ agents below, or on the borderline of micro- 
scopical visibility which cause disturbance of the function of living cells and 
are regenerated in the f»x>oess.** 

Viruses may be precipitated and sedimented by centrifugal^tion. The 
majority of workers emfdoyed machines of high-spe!^ type, but Craigie (1932) 
showed that they are not essential, since elementary b^es can be deposited 
at oomparativdy low speeds. Centrifuges fitted with angle type of head, and 
driven by direot|y coupled slow-running electric motor, are the best. This 
type was emfdpyed by Craigie. His success depends on the fact that flat glass 
tubes are used possessing an internal width of 4 to 5 mm. Consequently the 
elementary bodies have only to traverse a short distance before they strike 
the latml wall of the tube, which is (flaced at an angle of 28^ from the vertical. 
With soeh a oetttrifbge a speed of 8,600 r.p.m. for 60 minutes suffices for depositing 
the Pasohen bodies of vaociiiia, 

Hiitoiry.~Aa ewly m 1728, twenty yt»n before the birth of Jenner end 
long before bnoterin were awoointed with d ie ee ee , the term “ ▼irua ” waa app&d 
to the ^tnal agent of amallpoz. Paateur, in tha oonrre of hia work on mbiea. 
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first suggested the possibility of ultra-microsoopio organisms. It was only in 
1892, however, that as a result of the work of Ivanovsky, the juice of tobacco- 
plants suffering firom mosaic disease was found capable of infecting healthy 
plants after passing through bacteria-proof filters. In 1897 Loeffler and Frosoh 
found by chance that foot-and-mouth disease could be produced by an “ infective 
principle ” which passed through porcelain filters. The infectivity of viruses 
for animals was thus demonstrated. Since that time more than 100 diseases 
due to filterable viruses have been discovered affecting man, mammals, birds 
amphibians, fish, insects, plants, and, if bacteriophage be included, bacteria. 

Diseases caused by viruses. — In the list of infections produced by these 
agents must be placed mosaic diseases of plants, wilt and polyhedral diseases 
of insects, fowl -plague, fowl-pox, leukemia, and filterable tumours of hens, 
infectious ansemia and Boma disease of horses, louping ill, foot-and-mouth 
disease, hog cholera, dog distemper, cat distemper, and — of special importance 
in the tropics — ^rinderpest of cattle, blue tongue of sheep, Nairobi sheep disease, 
and Afiican horse sickness. The virus diseases of man which are of special 
tropical interest include smallpox and alastrim, rabies, yeUow fever, dengue. 
Rift Valley fever, the D virus of Tunis, and other viruses from Uganda (Findlay), 
phlebotomus fever, psittacosis, trachoma, lymphogranuloma inguinale, and 
inclusion conjunctivitis. Many other virus infections are of universal distri- 
bution but may be responsible for severe epidemics in tropical countries. The 
list includes measles, influenza, varicella, rubella, mumps, herpes febrtlis and 
probably herpes zoster, warts, molluscum contagiosum, anterior poliomyelitis, 
St. Louis encephalitis, Japanese type-B encephalitis, equine encephalo-myelitis, 
lymphocytic chorio-meningitis, and probably infective hepatitis, encephalitis 
lethargica and Australian X disease. 

The action of viruses on cells. — The only certain method at present 
available of detecting the presence of viruses is b}^ their pathogenic action on 
the cells of susceptible animals. It is possible that non-pathogenic free living 
viruses exist, and there is certainly evidence to show that many viruses may 
lead a more or less saphrophytic existence, only becoming pathogenic when 
inoculated into tissues other tlum those in which they normally dwell ; examples 
are Vims HI infection of rabbits, or salivary -gland disease of guinea-pigs. The 
virus of herpes febrilis may be found in the saliva of a high percentage of normal 
persons. 

All viruses at present known are closely associated with living cells, and whether 
tit vivo or in vitro require living oeBs for their multiplication. The action of 
viruses on cells is obaraoterized either by stimulation or by depression of cell 
physiology ; in certain instances a |nimmy stimulation is followed by depression. 
Stimulation is characterised by active multiplication or hypertrophy of the 
cells, as in infective warts, fowl-pox, Shope^s filterable rabbit fibroma, the filter- 
able tumours of fowls, or fowt leukaemia. Depression is characteru^ by cell 
necrosis and is well exemplified by the action of yellow-fever or Rift-Valley- 
fever virus on the cells of the liver, or of poliomyelitis on the anterior horn cells 
of the o<Hrd. In certain cases the characteristic action of the vims may be 
manifested after a very short incubatiem period — ^mioe inoculated with Rift« 
VaUey-fever virus die in forty -eight boors with extensive Ever iieorosis-~or 
viruses may lie demnant in the tisiues for many weeks or montl», ss in rabies, 
Boma disease or lymphogranulonia inguinale virus when inoculated intca- 
oerebraUy into mice. In scrapie, a disease of sheep, the incubation period is 
from sixteen months to two years. 

In certain diseases the necrotic hmotm are comparatively slight, hot the 
resistance of the body to bacterial infection is reduced. Sometinies 

the invsding bacterinm is specific, for inidanoe, the vims of bog ohdera is always 
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associated with Bod. auipestifer, the virus of swine influenza with an influenza 
bacillus. At other times, as in human influenza, measles, or dog or cat distemper, 
the way is ^)aved for the invasion of a variety of organisms. 

The pathogenic action of certain viruses is restricted to the cells of one 
particular organ : other viruses are pathogenic for a variety of tissues. Many 
viruses display a special predilection for the cells of the central nervous system, 
while others, such as the viruses of yellow fever. Rift Valley fever, or horse 
sickness may, by intracerebral inoculation, be made to acquire such a predilection, 
at the same time losing many of their normal characteristics. 

Inclusion bodies. — Histological examination of the lesions caused by many 
filterable viruses reveals the presence, either in the cytoplasm or in the nucleus 
of the cells, of peculiar cytological structures. These were at one period regarded 
as being themselves of a parasitic or possibly protozoal nature. The cyto- 
plasmic inclusions vary greatly in type and in many cases their true nature is 
as yet unknown. The Negri body in rabies, for instance, may represent a stage 
in the complicated life-history of a parasite, or more possibly a reaction of certain 
cell structures to the virus. Certain cytoplasmic inclusions are undoubtedly 
made up of the virus particles, as in psittacosis, ectromelia, trachoma, lympho- 
granuloma inguinale, and smallpox ; or the virus particles may be surrounded 
by a cellular reaction, as in the Bollinger bodies of fowl-pox. The intranuclear 
inclusions, on the other hand, are more uniform in type. They occupy the 
nuck*oplasm, may frequently be seen in the fresh unfixed cell, and tend to stain 
more or less intensely with acid dyes, such as eosin. Chemically they are not 
compoee<i of chromatin, do not contain iron, and on micro-incineration yield 
only a fine ash. Closely similar structures may be induced in nuclei by the 
a<'tion of a numlier of chemicals. There is at present no direct evidence that 
they enclose the virus particles. Among the vims diseases which give rise to 
acidophilic intranuclear inclusions an? yellow fever, Rift Valley fever, herpes 
febrilis, herpes zoster, varicella, Pacheco’s parrot disease, encephalitis of silver 
foxes, pseudo-rabies. Virus III infection of rabbits, encephalo- myelitis of horses 
and B ” vims (see p. 348). 

Cuttivation. — One of the most important distinctions between vimses and 
visible bacteria lies in the fact that up to the present no true virus has been 
cultivated in the absence of living cells. The organisms of bovine pleuro- 
pneumonia, agalactia, and other pleuro-pneumonia-like organisms, which, 
formerly classed as vimses, can be grown on artificial media, are now generally 
regard^ as tme bacteria. Two methods are employed for the ctiltivation of 
vimses. The first method entails the use of an emulsion of minced embryo 
tissue suspended in Tyrode’s solution and semm. The second consists in 
inoculating the vims on to the ohorio-allantoic membrane of the developing 
chick embryo. On this membrane growth may entail cither cell multiplication 
or cell necroais. 

Among the vimses which have been successfully grown by one or both of 
these methods are vaocinia, fowl-pox. Vims III infection, foot-and-mouth 
disease, yellow fever, Rift Valley fever, dengue, phlebotomus fever, louping 
ill, rabies, and pseudo-rabies. 

Filtration. — Various types of filter are used in the study of vimses. The 
most important are those composed of diatomaoeous earth ( Berkefeld or Mandler 
filters), porcelain (Ohamberland candles) and asbestos discs (Seitz filters). 
Passage through th^ filtm depends, not only on the size of the virus particles, 
but on a number of physical factors such as the negative pressure employed, 
the rate of filtration, tlm nature and pH of the medium in which the vims is 
suspended, and the electric charges of the filter and virus particles. , 

Recently Klford has perfected the technique of making graduated collodion 
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membranes, which have enabled measorements to be made of the approximate 
size of the virus particles. Results so far obtained give the following approxi- 
mate dimensions : 

Psittacosis . . 220 m p to 330 m (Levinthal, 

Lymphogranuloma 125 m p „ 175 m p (Miyagawa et al., 1935) 

Vaccinia . 125 m p „ 150 m p (Elford and Andrews, 1932) 

Rabies (fixed vims) . 100 mp 150 mp (Galloway and Elford, 1932) 

Herpes simplex 100 mp „ 150 mp (Elford, Perdrau and Smith, 

1933) 

Rift Valley fever . . 23 m p „ 35 m p (Broom and Findlay, 1933) 

St. Louis encephalitis . 22 m p „ 33 m p (Bauer, Fite and Webster, 

1934) 

Yellow fever 18m p„ 27 m p (Findlay and Broom, 1933) 

Loupingill . . 15mp„ 20mp (Elford and Galloway, 1934) 

Foot-and-mouth disease . 8 m p „ 12 m p (Galloway and Elford, 1931) 

* For value oi m fi see p. 1020 , 

Physical properties. — The resistance of viruses to heat varies within very 
wide limits ; to cold, on the other hand, many are extremely resistant and, 
especially when dried, may survive for many months. Many viruses, such as 
rabies, are extremely resistant to the action of glycerin ; others, like yellow fever, 
survive only a few days. Physiological sal^e or even Tyrode's solution is 
toxic to many viruses, but if serum is mixed with the fluid in the proportion 
of 1 in 10, it becomes much less toxic. Many viruses are very sensitive to the 
pH of the medium in which they are suspended, more especially when the 
reaction becomes acid. All the viruses so far examined carry a negative electric 
charge at pH’s in the neighbourhood of neutrality . Many can be readily adsorbed 
on to finely dispersed substances, such as kaolin or animal charcoal, and, with 
the aid of suitable solutions, may be eluted from these substances, being thus 
obtained in a condition of relative purity. 

The majority of viruses are easily inactivated by the photo-dynamic action 
of dyes such as methylene blue, or proflavine in dilutions of 1 in 50,900 to 1 in 
100,000, when expos^ to a pointolite. Certain viruses, such as that of dog 
distemper, when thus inactivated, retain to a certain degree their antigenic 
properties. Certain viruses, also, when killed by formalin, are still antigenic. 

Immunity. — With but few exceptions, recovery from a virus infection is 
associated with a prolonged and sometimes life-long immunity. The few 
exoeptkms to this rule include herpes febrilis, the common coki, if it be really 
due to a vims, and dengue. Vims diseases thus difler as a class frrom bacterial 
infections, the majority of which do not leave an immunity of long standing. 
In many instances the prolonged immunity in vims infe^ons is associate 
with the continued presence of vims in the tissues, but in others there Is no 
evidence that it remains in a living condition. 

Immunity is manifested by inability to re-infect with the same strain of 
vims as caused the original inaction. It is important, however, to remember 
that in certain viruses, such as foot-ami-moath disease, influensa and probably 
dmigne, a number of strains exist which ace antigenicaQy disrinot and give no 
cross immunity. In the seram, immunity may manilmted by the presence 
of viraddal, comfdement-fixing and, in omtain oases^ agglutinating antibodies. 
In lymjfdmg^uloma inguinale vims, a heated extract of the infected 
is oapaoie of producing an allergic reactimi when injected into the sldn of an 
immune pmon, proviM the infected material still contains virus particles. 

Ej»id€^ology«^11ie methods of spread virus diseases are as numerous 
as those of bacterial infecrions. In certain instances direct contact wiMi an 
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infected person, as in warts and trachoma, or with infected fomites, is necessary, 
as in variola or varicella. Lymphogranuloma inguinale and venereal warts 
are spread by sexual contact. Duplet infection is responsible for the spread 
of measles, mumps, influenza, uid probably anterior poliomyelitis, though it 
is claimed that certain epidemics of the last infection have b^n disseminated 
by infected milk. Insects may play a passive r61e, as in the transmission of 
fowl-pox, or may inoculate the virus by biting, as in yellow fever, dengue, equine 
encephalomyelitis, Japanese type-B encephalitis, and phlebotomus fever. 
Louping ill of sheep is transmitted by the tick Ixodes ricinus ; eastern encephalitis 
by /. perstdcalus. Many plant viruses are transmitted by aphides or thrips. 

Epidemiological considerations depend to a great extent on the immunity 
produced by a previous attack. When the number of non-immunes reaches 
a certain concentration, an epidemic may break out. Inapparent infections 
may at times serve to maintain an infection. Many laboratory workers, without 
experiencing actual infections, have in the course of their work become immune 
to diseases as diverse in character as poliomyelitis, louping ill. or Rift VaUey 
fever. 

Treatment. — In only two virus infections has any drug been found to have 
a specific action ; in lymphogranuloma inguinale and trachoma, compounds 
of the sulphonamide group are of very considerable value. In other virus 
diseases treatment is necessarily symptomatic^ When once a virus has gained 
entrance to the tissue-cells, even the specific immune serum is without effect, 
although, when administered within a short time after the inoculation of the 
virus, immune serum may decrease thfe severity of the attack or even entirely 
prevent it. 

In many diseases immune bodies are formed in the tissues a short time after 
the beginning of the illness ; the patient may, however, subsequently die from 
the lesions which have been produced in the internal organs. Treatment must, 
therefore, be directed to maintaining the functions of the various organs, and 
to eliminating or destroying metal>olic toxins. 

Prophylaids* — Prevention consists in destroying the virus and rendering 
the possible victims immune. In those virus diseases which are transmitted 
by insects, much may be done by destruction of the particular vector, though, 
in view of the wide areas over which a disease such as yellow fever is endemic, 
total elimination of the insect vector is well-nigh impossible. 

In view of the definite immunity produced by most virus infections, how- 
ever, the possibilities of prophylactic immunization are tK)nsiderable. Immunity 
may be produced by the following : 

(i) Immune serum, 

(ii) Immune serum and living virus, 

(iii) Virus attenuated by physical or chemical agents, 

(iv) Virus modified biologic^ly. 

Immune serum is now largely used in measles prophylaxis. A temporary 
immunity only is obtained. Mixtures of immune serum and living active virus 
have been ps^ in rinderpest and dog distemper. Virus attenuated or killed 
by physical or chemical means is also used in dog distemper and louping ill, 
while in rabies, fowLpox, yellow fever, and African horse sickness, a biologically 
modified virus is employed, either alone, after further chemical or physical 
attenuation, in association with immune serum. 

It is prol^ble that in the future prophylaotio immunization will be extended 
to an inoreaaif^ number of virus infections. 
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YELLOW FEVER 

Synonyms. Typhus icteroidos ; Pi6vre jaune ; Piebre a marilla (Spanish) ; 
Gelbfieber ; Amaryl (International nomenclature). 

Definition. — An acute, specific febrile disease, due to a filterable virus, 
occurring epidemically, or endemically within a limited geographical 
area. Though subject to great variation and occurring sometimes in a 
mild form, its typical clinical manifestations may be said to be a sth enic 
initial stage, rapidly followed by an adynamic condition. Toxic jaundice 
and albuminuria commonly occur. One attack confers immunity for 
life. The virus is transmitted principally by the female mosquito, Aede^ 
(vgypti (formerly Stegomyia fascuUa) {see Fig. 862 and p. 974), which 
remains infective during its life. 

History. — ^Though transmission of yellow fever through a mosquito was 
foreshadowed by Carlos Juan Finlay in 1881, a great advance was made in 
1901 by the brilliant work of Reed, Lazear, Carroll, and Agramonte, who showed 
that the casual agent could pass through filter candles ; also, by their researches 
while living among yellow-fever patients in mosquito-prot^ted wards and 
surrounded by the excreta and vomit of these patients, they proved that the 
transference of the disease under natural conditions takes place through the 
bite of the mosquito, Aedes otgypii. 

In 1928 Stokes, Bauer and Hudson showed that the rhesus monkey (Mcuxtca 
mvlfUla) is susceptible to the disease, and that the causal agent is an ultra- 
microscopic virus. The virus can be transmitted to rhesus monkeys through 
many passages by blood inoculation and can be conveyed by the bite of infected 
aedes from one animal to another almost indefinitely, though more recent 
researches have shown that in certain outbreaks and, under laboratory conditions, 
other mosquitoes also can transmit the virus. 

In 1930 M. Tbeiler found that yellow fever may be transmitted to mice by 
intracerebral inoculation, producing meningo-encephalitis. After a number of 
passages in mice, the virus becomes fixed and, on re-inoculation into monkeys, 
does not give rise to ordinary yellow fever. The form of yellow-fever virus 
fixed for mice is now known as the '' neurotropic in contradistinction to the 
“ visoerotropic ” strain. 

The discovery oftbe neurotropic strain of yellow-fever virus has been followed 
by the development of an efficient prophylactic inoculation. 

''Jungle ” yeUow fever has been recognized since 1932. 

Geographical distribution. — This is considerably wider than vfM 
formerly supposed, though in former times the disease was comm:)ii wher e 
it now no longer exists. For a great deal of our knowledge we are indebte d 
to the labours of the International Health Division of the Rockefeller 
Foundation which, by means of the mouse-protection test {m p. 888), 
has shown that it can be determined whether yellow fever had been present 
in a district and, from the ages of those with positive protection, when 
the last epidemic occurred. At present yellow fever is mainly confined 
to South America, West and Central Africa (Map IV). In comparatively 
recent times it is known to have been widespread iu the West Indies, 
Mexico and in the United States, as far north as Philadelphia (1798) and 




m Disttibution of virus of yellow fever as shown by the protection test.' 
Distribution of j ungle yellow fever. 
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Memphis (Mich.) (1878), and as far south as New Orleans and Galveston 
(1905). During the last century it was imported from time to time by 
ships to the Canary Isles, Spain, Portugal and to the small islands of 
Ascension and St. Helena in the South Atlantic, in all of which limited 
outbreaks took place. In 1865 a few cases occurred in Swansea, South 
Wales. The disease has never invaded Asia or Australia. It is by no 
means certain whether yellow fever originated in West Africa and was 
conveyed by ships to the West Indies and South America, or the reverse. 

In South America yellow fever was endemic in Brazil, Bolivia, Colombia, 
Peru, Venezuela and Guatemala, and there is some evidence that it still 
exists ill British and Dutch Guiana. In their campaign against yellow 
fever the Rockefeller Foundation concentrated on eradicating the “ seed- 
beds of infection on the South American continent in the belief that 
they were few. The clearing of Rio, Santos and Nichtheroy was followed 
by apparent disappearance of yellow fever from the whole of Southern 
Brazil. After a campaign in Guayaquil and another in Peru in 1920, no 
further cases wert^ recorded on the Pacific Coast. Similar results were 
obtained in Colombia, Mexico and Central America. 

In 1928-1929 yellow fever reappeared in Rio do Janiero. Soon locally 
infect^ cases occurred in the Brazilian States of S3lo Paulo, Minas Geraes, 
Rio, Bahia, Sergipe, Pernambuco and Para. In 1932, by the introduction 
of the insceroforne, an instrument for obtaining liver tissue for examination, 
it was possible to prove the existence of “ jungle yellow fever (in the 
absimce of Aides (Bfjjfpii) in Espirito Santo. This is now rt'garded as 
the original and more permanent form of yellow fever. In West Africa 
ycdlow fever has long been known from Senegal to the Congo, while the 
long story of British endeavour in the development of West Africa, 
especially Sierra Lt^ne and the Gold Coast, is one of struggle against 
yellow fever. (In 1826, out of the garrison of 535 soldiers, 115 were dead 
within two months, while of the first detachment t)f troops which occupied 
Cape Coast Castle in 1823 only one man was alive a year later. In 1878 
an epidemic involvtnl the whole of Senegal, afft»cting i.474 Europeans.) 

In the last epidemic in Accra in 1937 the native population was more 
severely affect^^ than the European. Small outbreaks took place on the 
Congo at Matadi and Boma in 1927 and 1928, at Bathurst on the Gambia 
in 1985, and there were numerous other cases on the Gold Coast and in 
Nigeria in 1987 and 1988. The most extensive epid(»mic of yellow fever 
recorded in Africa bnike out in the Nuba Mountains, Southern Sudan, 
in May, 1940, and there were 17,000 cases with a mortality-i'ate of 10 per 
ctuit. Previous to this, one single case of yellow fever had been recognized 
at Malakal in 1984. The epidemic subsided in November and was followed 
by a rise in the proportion of immunes in the population. 

It has now been shown, as the result of immunity surveys, that yellow 
fever extends in a region from St. Louis on the coast of Senegal, just 
north of Cape Verde, eastward at latitude 15° N. along the southern 
iiorders of the Sahara through El Fasher to Billing in the Southern Sudan. 
Thence the line bends southwards at Bashad in the Nuba Mountains, 
crossing the White Nile south of Jebelein, passes through Dar Fung, the 
area between the WTnte and Blue Niles, up to and possibly beyond the 
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Sudan-Abyssinian border. A further extension eastward has recently 
been reported : to the N.W. boundary of Eritrea and the Red Sea coast, 
thence S. to the border of Somalia, at 86^ meridian of longitude, south of 
Lake Rudolf. The eastern border runs through Western Uganda to the 
west of Lakes Victoria and Tanganyika, and thence diagonally at 10® 8. 
parallel, across the Belgian Congo to the mouth of that river^ In the 
west the line follows the Atlantic Coast from Senegal to Santo Antonio in 
the extreme north of Angola : a total area comprising approximately 
four million square miles. The islands in the Gulf of Guinea are included. 

Finally, it is obvious that the geographical distribution of yellow fever 
does not. correspond with that of A. cegypti, as the Orient, with its suscep- 
tible population and abundance of suitable mosquitoes, has so far remain^ 
free. 

Epidemiology. — In former times it was generally considered that yellow 
fever was mainly confined to seaports and that it seldom spread far inland, 
but this is now known not to be the case. A study of epidemics shows 
that the virus of yellow fever can be readily transporU^d from one place 
to another and that for its development in the mosquito it requires, 
usually, a mean atmospheric temperature of 75° F. (24-25° C.), and that 
endemic centres have never extended beyond 40° N. Lat. and 85° 8. where 
the i^therm is not below 68° F. (20° C.). A high wet-bulb temperature 
favours yellow fever, so that it is most likely to arise and spread during the 
rainy season. It may, however, be found in mountainous regions up to 
4,000 ft. In spreading inland it appears to follow linw of communication. 

Conceptions on the epidemiology of yellow fever have had to be con- 
siderably revised since the discovery of the jungle form. Some authorities 
recognize three divisions — urban, rural and j angle* — the last of which is 
thought to be the most primitive. Soper, on the other hand, favours 
the foUowing classification ; 

(1) The uman and rural types are a domestic and purely human disease 
with a simple cycle of infection depending upon man and the insect vector, 
Aides cegyptiy but they cannot continue to spread in the absence of A. 
oegypti mosquitoes in sufficient numbers. 

(2) Jungle yellow fever, involving man and animals, in the absence of 
Aides cegypii, indicates that neither this insect nor man himself is an 
essential element in the insiMJt vertebrate cycle of infection which maintains 
the reservoir of the virus in the jungle. 

Jungle Yellow Fever, — It is now known that this form of ytfUow fever is 
conveyed by the bites of certain jungh^ mosquitoes (in Bolivia, Goioinbia 
and Brazil by Aides leucocehenus, Hcemagogus capricomii and possibly 
also certain sabethine mosquitoes). There is now little doubt that jungle 
yellow fever exists also in Africa, in Uganda, North Kenya and possibly 
the Gold Coast, where isolated cases Imve been found in the bush, but 
the most importwt ^oe^s about which we have definite information was 
discover^ by Hahafiy and his colleagues in 1941 in North Uganda, on 
the Semliki, west of Ruwenzori and on the eastern reaches of the lUm river 
(Bwamba country). The northmi half of this country is heavily forested, 
uninhabited except for pigmies. There the virus of yellow feva* was 
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isolated from humans as well as from wild-caught mosquitoes — ASdes 
simpsoni — ^which appear to be the vector in this area. 

The evolution of epidemics of yeHhw fever , — In experimental infection 
of humans, the shortest incubation period recorded is about two days. 
Under natural conditions it is from one to mx and a half days. A period 
of at least fourteen days may elapse between the arrival of a yellow-fever- 
stricken patient in a hitherto uninfected district and the first case of the 
epidemic to which he may give rise. This would indicate that the period 
between the introduction of the virus into the body and the development 
of fever is usually some three to five days, yet a period of at least twelve 
days must elapse before that virus, remov^ from the human body, can 
be transmitted by mosquitoes to another. This is known as the extrinsic 
period and represents the time taken for the virus to multiply inside the 
mosquito, though experiments with these insects, when fed on monkeys, 
show that this may be reduced to eight or nine days at high temperatures, 
but at low temperature the mosquitoes may never become infective. 

Conditions favouring endemicity . — For yellow fever to continue in an 
urban community three factors are necessary : (1) the virus, (2) the vector, 
and (8) susceptible human beings living under conditions in which both 
virus and man are easily accessible to the mosquito, A break in this 
chain suffices to eliminate the disease. In the urban, and more especially 
in the rural type, yellow fever cannot continue to exist in a community, 
unless Aides oefjypti mosquitoes are present in sufficient numbers. But in a 
population which has bwome to a great extent immune to yellow fever 
it is obvious that a greater number of infected mosquitoes are necessary 
to maintain the virus. Thus, from time to time the disease has disappeared 
from towns in South America in which no sanitary work had been done 
to eliminate the mosquito ; the explanation being that there was a lack 
of susceptible persons to continue existence of the virus in man. 

PossMliiy of animal reservoirs of the virus , — The maintenance of the 
virus in endemic jungle yellow fever has been difficult to explain. It is 
possible that it might be carried on solely by the mosquito-man cycle 
through the combined presence pf infected nK)8quitoe8 and frequent 
human cases. Thus, if cases were occurring continuously in man in any 
particular area, it should be possible to obtain the virus from the blood 
of th<«o patients for, even if the vast majority had mild, or even sub- 
clinical systems, a few typical cases should be encountered from time 
to time. The second possibility is the existence of an animal reservoir, 
in 1914 Balfour drew attention to the great mortality amongst red howler 
monkeys (AlougUa seniadus) wliich preceded outlm^aks of yellow fever 
in Trinidad and Venezuela. Amongst the natives the belief was strongly 
held that this presaged a human epidemic. Then Soper (1938), in an 
outbreak in the States of Minas Gemes and Rio de Janeiro, found increased 
mortality amongst these mpnkeys and, by protection tests, that they 
constituted an important factor in the spread of jungle yellow fever in 
Brasil. As the result of more^ recent work in South America it has been 
shown that inoculation of tixe virus into certain wild animals produces 
no appreciable illness, though it is still present in their blood for some 
<lays. Buck animals are monkeys, opossums of all species, especially 
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Didelphis marsupialis, ant-eaters, sloths, armadillos, the agouti, paca, 
capjbara and some mice. Their movements are unimpaired, and so the 
virus can spread over a ynde area ; transmission is probably affected by 
jungle mosquitoes. 

In Central Africa there is some suggestive evidence. Pruner’s hedgehog 
{At^ilerix alhiventris) has been found very susceptible to yellow fever, 
and the presence of immune bodies in the blood of a monkey, Pfocolohus 
^vaMronif was verified by Findlay on the Gold Coast. He, moreover, 
showed that the sera of about 25 per cent, of the monkeys in Central 
Africa are protective. 

It seems, therefore, that in rural and in jimgle areas yellow fever may 
persist in the absence of susceptible humans. It is also a curious fact 
that normal cows’ serum prot^ts in certain instances. These findings 
seem to show that there are other methods of spread than by the raosquito- 
man cycle. 

Immunity rate . — In areas outside the present known endemic zones of 
yellow fever, with few’ exceptions, no immunity against yellow fever 
exists. Thus, Sanger and his colleagues showed that of 876 human sera 
from Asia and Australia only 2 gave any protection, whilst amongst 
481 sera from Italy, Portugal, Canada and Northern United States of 
America, even from some of the localities where yellow fever was formerly 
present, one only was protective. Sera were also tested from the West 
Indies, Barbadoes, Jamaica. St. Lucia, Trinidad, Cuba and Porto Rico. 
The sera of 821 people under twenty years of age were all negative, but 
above that age 8*42 per cent, gave positive protection tests. Tht^e 
results agree 'with the fact that yellow’ fever existed in all these regions 
until comparatively recent times. In Mexico, however, a higher percentage 
was obtained. From five to nine years, 0*9 per c^nt. were positive, from 
ten to fourteen years, 8*55 per cent.‘, from fifteen to nineteen years, 28*81 
per cent., but from twenty years and over, 42*72 per cent. 

The results from the Sudan are of special interest as showing that 
outbreaks of yellow fever can to some extent be predicted. The examina- 
tion of 48 sera from cases of jaundice resulted in some positives, eight of 
which came from the Southern Sudan and one from Wad Medani. In 
many of the villages in the Nuba Mountains 70 to 80 per cent, of positives 
were obtained, as also in the Fung area to the east of the White Nile, 
and this is where the outbreak took place in 1940. 

Investigation of an area immediately after the subsidence of an epidemic, 
by means of the mouse protection test, reveals that the number of persons 
who give pwitive protection is much greater than the. actual number 
of cases clmically diagnosed as yellow fever. 

iEtioIogy. — A great many attempts have been made in the past to 
discover the germ of virus of yellow fever and many organisms have 
been described. The most ill-omened was undoubtedly the IjOpiospira 
icteroides Of No^chi, which eventually proved to be identical with L. 
icteroJuBmorrhagias of W^eil’s disease. The true nature of the virus was 
^umbrated by Beed, Carroll, and Almonte who, in 1901, showed that 
it was filterable and ultramicroi^pic. This was the first occasion in 
which it was proved that such a virus might be the cause of human disease 
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In 1929, Stokes, Bauer and Hudson clearly proved that the agent is 
ultrainicroscopic and passes through Berkefeld filters V. and In 
1938 Findlay and Broom, by employing Elford’s system of ultra-filtration, 
were able to measure the particles of the virus {see p. 324). Sellards 
and Hindle showed that the yellow fever virus can maintain its vitality 
when dried in vacuo and frozen. WTien transported from Dakar to London 
the disease w^s reproduced in macaque monkeys by subcutaneous and 
intraperitoneal inoculation. When dried in the frozen state the virus 
retained its vitality as long as seven and a half years. 

An important advance was made by Theiler (1930) who showed that 
white mice can be infected with yellow-fever virus by intracerebral 
iiKXJulation and produce fatal raeningo-encephalitis. Often, after a 
certain number of passages in mouse brains, it became established as the 
neurotropic virus, which no longer reproduces yellow fever of the usual 
type when monkeys are injected with the brain tissues of infected mice. 
Infection of rhesus monkeys can be produced by subcutaneous or intra- 
peritoneal injection of infected blood or tissues or by smearing yellow 
fever blood on the unbroken skin, and the virus may be absorbed by the 
mucous membrane of the alimentary tract. In these animals the clifiical 
and pathological picture of human yellow fever is reproduced and the 
vims is known as the viscerotropic strain. Rhesus monkeys artificially 
infected with this virus usually die from four to seven days after inocula- 
tion, before they have had time to develop immune bodies. The infective 
blood of monkeys may contain virus in dilutions as high as one in fifty 
million, and it may penetrate cell-free and protein-free fluids, such as the 
aqiu>ou8 humour of the eye. 

The viruB ib bo virulent that infection of monkeys may occur from the bite 
of a single infected Aedes cegypii. The species of monkey susceptible to the 
f)an tropic or viscerotropic strains are the rhesus monkey (Macaca mvlaila), 
the crab-eating macaque (M» irtw), the brown macaque {M, fuscata) and also, to 
a lesser degree, M, mnica. The Barbary ape from North Africa {M. sylvana) is also 
susceptible. Amongst New World monkeys, marmosets usually die, while some 
species of capuchin monkey retK>ver after a febrile attack. Guinea-pigs are com- 
pletely refractory, so that inoculation of these animals with blood from a suspected 
case serves, negatively, as a means of differentiation from Leptospira ictero- 
hamorrhagup, European hedgehogs, more especially the Central African species, 
are very susceptible. 

There is great variation amongst laboratory animals to intracjereliral inoculation, 
and none react so constantly as do white mice. Under laboratory conditions 
African monkeys (Cercopithercus) are not always absolutely immune to the 
viscerotropic virus, but they do not react by fever and the virus circulates in 
their blood for a very short time. 

The virus can enter the skin of man through conjunctiva or nasal mucosa 
under certain chrcumstanoes and cause fatal infections. This has occurred in 
autopsies on yellow fever cases in the early stage of the disease performed without 
rubV>er gloves. Laboratory workers have also become infected in examining 
monkeys after death. A number of isolated oases have occurred amongst 
laboratory attendants whilst undertaking blood examination of suspected oases, 
or whilst working with the vims. These infections, which numbered were 
due to the pantropic and neifrotropic strains (Berry and Kitchen) but, since the 
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introduction of an efficient method of immunization, these laboratory infections 
have entirely ceased. 

C^ivaiUm of the virus.— The virus of yellow fever can be grown solely in the 
presence of living cells. Haagen and Theiler first succeeded in culturing the 
neurotropic strain in a medium of minced chicken embryo suspended in a mixture 
of normid monkey serum and Tyrode solution. Even after a hundred passages 
there was no appreciable loss of neurotropic activity. Subsequently Lloyd 
cultivated the pantropic virus (known as pantropic because it permeates all 
layers of the chicken embryo) which, after more t^n one hundred subcultures, 
had become attenuated and could, on this account, be used for protective vaccine. 
Later still, Elmendorf and Smith grew the pantropic virus on the chorio-allantoic 
membrane of the developing chick embryo which is the method now universally 
employed. Strain D-17 of the Rockefeller Institute is such an attenuated virus. 

Terms employed for strains of yellow fever tyirus. — ^The terms pantropic, viscera- 
tropic, and neurotropic, used in connection with the yellow fever virus, are some- 
times rather loosely applied. The naturaUy-occurring yellow fever virus is 
pantropic and attacks all three embryonic layers of the chick embryo on culture 
but, w^n passaged through many series of mouse brains, it acquires affinity for 
nervous tissue and becomes the neurotropic strain. The viscerotropic, on the 
other hand, is one which has developed special affinity for organs other than the 
nervous system, particularly the liver, and it is produced by passage through the 
• liver of rhesus monkeys. Sometimes, however, these strains are reversible and 
the viscerotropic will still cause a &tal encephalitis when introduced into the 
monkey brain, the liver being at the same time protected by a parenteral dose 
of immune serum. Some pantropic viruses firom jungle yellow fever in South 
America have been found to be weak in both neurotropic and viscerotropic 
affinities, so that it is considered possible that both these could be enhanced by 
passage through mouse brain or monkey liver respectively. 

The neuroiropic strain of yellow fever virus. — Once the virus has become 
fixed for mouse brain it can be passaged indefinitely by intracerebral 
inoculation in these animals and sul)s^U6ntlj, when injected intraperi- 
toneally, it fails to kill. It causes meningo-encephalitis, not only in mice, 
but also to a lesser degree in guinea^pigB, agputis, squirrels, peccaries, 
capybaras, coatis and field voles, as well as aU species of monkey, and as a 
rule, viscerotropic lesions are not produced. Rats, rabbits, hamsters, 
pigeons, hens and canaries do not develop encephalitis. In hedgehogs, 
however, intra-cerebral inoculation may be followed by liver necrosis. 
Inoculation of neurotropic virus intrahepatically in rhesus monkeys some- 
times causes recmiversion into the viscerotropic strain. Unfortunately, 
the strains do not always maintain their typf« on subculture ; thus, recon- 
version of neurotropic virus to viscerotropic has occurred. 

Physical properties of the virus. — TPhe virus, both neurotropic and 
viscerotropic, passes re^ily through ordinary filters, Berkefield, Cham- 
beriand and totz. Findlay and Broom, by filtration through graded 
c<dlodion membranes, have shown that its approximate size is between 18 
and 27 m|i. Both the viscerotropic and neurotropic strains of vims are 
inactivate at a tempmture of 6(f to 66^ C. l^en dried and the 
virus can ret^ its vitality for many months. It is inactivated by the 
photo-dynamk action of such dyes as methylene blue (1 in 100,000) and 
proflavine (1 in 50,000), The pantropie can witfastaiul strong dUnfeetania, 
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such as mercuric chloride, 1 in 7600, and phenol, 1 in 160, at 80° C. All 
strains carry a negative electrical charge at the pH of the tissues. 

Protection tests as an index of endernidty, — The fact that, after an attack 
of yellow fever, immune bodies are present in the senim for the remainder 
of the patient's life, and that, when a mixture of immune serum and 
yellow fever virus is injected into susceptible ^imals, infection does not 
take place, suggested the practical application of “ protection tests ” for 
the diagnosis of recovered cases of yellow fever. If a mixture of the 
pan tropic virus and the serum under examination is injected into a rhesus 
monkey, and if the serum contains immune bodies, the animal does not die. 
This was known as the ** nionkey’protection test,*' 

When, however, the neurotropic virus is ernploycHl, a mixture of the 
serum and infected mouse brain is injected intraperitoneally into mice 
which are simultaneously inoculated intracerebrally with starch. If the 
serum contains immune bodies encephalitis do<« not ensue. This is 
known as the “ mouse-jm>tect%on test." Both tests possess a high degree 
of specificity, and results obtained by the two in the same areas of Africa 
and South America are in close agreement. The mouse protection test 
is now universally employed and has recently been simplified by modifica- 
tions introduced by Whitman (1948). This is based on the greater 
susceptibility of immature white mice to extraneural injection of yellow 
fever virus. In mice betwt^en 18 to 21 days the degree of siisceplihility 
is such that uniform death may be produc'd by injwting one tenth of 
the virus dosage requircni for adult mice without the iuhhI for intracerebral 
injection of starch. In these immature mice, when two parts of immune 
serum are added to one part of virus, the results of injecting 0*06 c.c. 
of the mixture are equivalent to injecting adult mice, which have received 
intracerebral starch, with 0-6 c.c. This obviously permits satisfactory 
tests to be made on much smaller serum samples than those required for 
standard tests. 

The technique is as follows. Mice are injected with filtrates of 10 per cent, 
mouse brain virus. Three days later the brains are removed and emulsified 
in 15-20 per cent, suspension in saline and subsequently centrifuged at ^h 
speed for 40 minutes. The sera to be tested are measured into tubes in quantities 
of 0*4 c.c. each ; 0*2 c.c. of virus is inserted into each tube of test sera and 
immune controls. 

By this test it has been found that, both in Africa and South America, 
the areas which have been infected with yellow fever duriitg the lifetime 
of the present generation are much more extensive than had been previously 
imagined. Despite the non-recdfenition of outbreaks of clinical yellow 
fever in native populations, it has been found in Northern Nigeria, for 
instance, that 80*4 per cent, of sera are positive. Somewhat similar 
results have been obtained from French West Africa and the Southern 
Sudan* There is some evidence that the immune bodies may pass from 
mother to child by the milk. Monkeys bom of immune mothers possess 
immune bodies in their serum at birm. 

Trcmmmim of the virus the wiosquifo.— The virus multiph^ 

in the insect vector during a variable extrinsic period. During this 
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period the mosquito is not capable of transmitting the virus by its bite. 
In Aides cegypti it ranges from 4 days at 98*6® P. (87° C.) and 12 days 
at 78*8° P. (26° C.) to 18 days at 69*8° P. (21° C.). Under natural conditions 
the percentage of mosquitoes becoming infected is small. Possibly this 
may be explained by the small quantity of blood (0*01 c.c.) imbibed by 
Aides cegypti. There is no^ proof that the virus is hereditarily transmitted 
through the mosquito. 

Obseriations on the habits of A. cegypti indicate that the female does 
not lay eggs until she has fed on blood, and that these are deposited three 
days after feeding. At tliis stage she is especially susceptible to infection 
with the yellow fever virus (see also p. 974). The course of development 
of tjie virus in the mosquito has not been traced. The type of develop- 
ment appears to be simple for, if infective mosquitoes are ground up and 
fed in syrup to normal A. cegypti^ they too become infective after the 
usual extrinsic period. It has been shown that the vims undergoes 
multiplication in the mosquito and that it is present in its alimentary 
canal for at least ten days after an infective meal. Subsequently, it 
becomes centred in the salivary glands. 

Species of mosquito, oilier than A. cegypti, capable of transmitting the virus. 
— In South America jungle yellow fever oecin*s in the absence of A. cegypti. 
Other species have b^n found infected : Aides leucocelcenus, Hcemagogus 
capricomU and some sabethina?. In Central Africa Aides simpsoni has 
b^n proved to be the vector of jungle yellow fever. The jungle species of 
mosquito vectors are usually inhabitants of the tree tops and rarely 
descend to ground level. In the Southern Sudan Tceniorhtfnehus africanus- 
has been suggested as the vector of epidemic yellow fever. The following 
species of mosquito have been found capable of transmitting the yellow 
fever virus under laboratory conditions, but probably not all do so 
naturally. 

European mosquitoes : Culex faiigans, Aides genictdalus. 

African mosquitoes: Aide^ viiUdus, A. Inteocephalus, A. africanus, 

A. furcifer, A. simpsoni, A. stokesi, A. taylori, A. niehllicus, Tcenio- 

rhynchus africanus, Culex ihalassius, Eretnwpodiles chrysogaster. 

Asiatic mosquitoes : Aides aibopictus. 

South American mc^uitoes : Aides flnriaiilis, A. scapularis, A. leuco- 
celcenus, Hcemagogus janihomys, H. capricomU. 

North American mosquito^^s : Aides triseriatus. 

In a number of other species the virus reniains active for a considerable 
period, but is not transmitted by biting. 

Geoeral observations. — The observations which have been made upon 
the astiology of yellow fever appear to explain some generally accepted 
facta. 

(1) ^ae impunity with which a yellow fever patient can be visited by 
a ncm-immune person, if outside the endemic area. The mosquitoes in 
the vicinity are not infective. 

(2) The danger of visiting the endemic area when mosquitoes are both 
active and infective. A. asgypH usually feeds in the late afternoon, though 
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this does not hold good in the case of jungle yellow fever, where the forest- 
living mosquitoes in South America bite during the day time. 

(8) The discrepancy between the incubation period, three to five days, 
of the disease, and the incubation period, fourteen days and over, of an 
epidemic. The evolution of the virus in the mosquitoes infected by the 
original patient demands the space of time indicated by the difference 
between these periods. 

(4) The clinging of yellow fever infection to ships, buildings and localities. 
This is due to the persistence of the virus in infected mosquitoes (Aides 
(Bfiypti) which are now known to be capable of surviving for five months, 
possibly longer, after feeding on human blood. 

(5) The higher atmospheric temperature required for the epidemic 
extension of yellow fever. Such temperature favours the activities of the 
mosquito and is necessary for the evolution of the virus in the insect. 

Biochemical changes produced by the virus . — All the biochemical changes 
which occur in yellow fever can be interpreted as an interference with the 
liver and kidneys. Thus, there is loss of glycogen from the liver and a con- 
siderable reduction in the blood-sugar. Findlay and Hindle showed also 
that, as in other toxic affections of the liver, there is, in rhesus monkeys 
and in humans, an increase in the blood of guanidine-like substances. The 
r«q)eated administration of calcium lactate in large doses reduces this excess 
of guanidine and may play a part in preventing gastric hsemorrhage. 

Pathology. — The pathological appearances vary very greatly with the 
clinical course of the disease. In typical cases the olive-yellow colour of 
the skin is most marked in the dependent parts of the cadaver, especially 
in }>arts subjwted to pressure. Bigor mortis is pronounced. Petechia? are 
common in the skin and serous membranes ; more considerable extrava- 
sations of bl(K>d may Ix' found in the muscles. The brain and meninges are 
hyper® mic and may be studded with minute effusions ; like the other 
tissues of the body, they may be stained a lighter or deeper yellow. The 
cartilages are intensely yellow. 

The blood in the vessels of the general circulation is not firmly coagulated. 
An important fact, as explaining the liability to passive hamorrhages, is 
the existence of a generalized fatty degeneration of tfie capillaries and 
smaller bUwd-vessels. The stomach usually contains black or fluid blood. 
The folds of the gastric raucous membrane are swollen and there are 
arborescent patches of ecchymosis. The small intestine contains a dark 
material similar to that in the stomach. Only after microscopic examina- 
tion of the organs, especially the liver, can a pathological diagnosis of 
yellow fever be made. 

The virus of yellow fever, like certain other viruses, has a particularly 
destructive action on the liver cells, and by microscopic examination of 
liver sections alone it is usually possible to arrive at a diagnosis. In the 
early stages the liver is red from extravasation of blood, but if death 
has occurred later, the organ is usually somewhat ttable and may present 
a yelloiiTsh colour which has been compared with that of box-wood. 
The microscopic pathology of the liver is well-defined and differs from 
that produced by any other infectious disease. The most marked changes 
are foimd in the nud-sonad region of the liver lobules, to a lesser extent at the 
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periphery. The liver cells are often separated one from another and tend 
to assume a rounded shape ; fatty d^neration may be very intense 
(Fig. 54). The typical lesion is a ooagulative necrosis wi^ a marked edge, 
surrounded by a narrow clear halo. Frequently the cytoplasm in whole 
or in part undergoes a hyaline degeneration — ^hya^e coagulation necrosis — 
together with hyaline bodies, first described by Councilman, while the 
cytoplasm of all the liver cells stains more intensely with acid stains such 
as eosin. The necrosis of the liver is not exactly a niidzonal necrosis^ as is 
often stated, but is a salt and pepper necrosis occurring throughout the 
lobule. The nuclei of the liver cells exhibit raargmation of the chrom ^tin 
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round the nuclear membrane, while in some cells the nucleoplasm is 
occupied by addophilic intranuclear masses (Fig. 55). Hyperplasia of the 
Kupffer cells is usually noted. Usually only a small number of cells is 
affected, but with certain strains 7(V-8(1 per cent, exhibit inclusions. In 
the rlmus monkey, a hi^ percentage of cells always shows intranudear 
inclusions. Th^ wore first describe by Torres and spedally studied by 
Cowdry and Kitch^ ; they are dmihur in type to, tbor^ not identioal 
mth, th^ foimd in many other virus diseases. Within the liver lobules 
th^ IS hyperplasia of the endothehal cells of the sinuses and an infiltration 
mononuclear eelb and a lew polymorphonuclear leuoocytes. 
In tne rhesus monk^ tiie infiltrating cdls are predotnsnantiy polymor* 
•ptmuckm, while 80-90 per cent, of tiie par^idiyinatoiis cefis contain 
acidonhifie intranuclear inclufflons. Coundbnanietioito^imtlieollidri^^ 
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are comparatively rare, while fatty degeneration is also less marked than 
in man. 

In the spleen there are no characteristic changes, but the endothelial 
cells of the splenic sinuses may show hyperplasia, while the Malpighian 
corpuscles are somewhat atrophied. Definite changes, however, are found 
in the kidneys. The reaction is a nephrosis, not a nephritis. HaBmorrhagic 
foci under the capsule and in the cortex are common. The renal epithelium 
shows cloudy swelling, passing on to fatty degeneration which affects the 
tubules more than the glomeruli. The tubules, here and there, are filled 
with casts, either of an albuminoid material or of debris of desquamated 
epithelium, corresponding with the casts in the albuminous urine. Granu- 
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lar and hyaline casts are found throughout the tubules of both cortex and 
medulla. Hoffman regarded lime-casts in the convoluted tubules as distinc- 
tive of yellow fever. Degenerative changes occur in the heart muscle, 
including the bundle of His. Althouf^ the virus is highly neurotropic, no 
(extensive lemons of the central nervous system a^e found. 

Sjrmptoms.— There is the same variety in the initial symptoms of yellow 
fever as in other sjpecifie^ fevers. In both urban and jungle yellow fever 
many mild and clmically unrecognisable cases occur. In the first stage 
they may range from an almost imperceptible febrile reaction to severe 
prostration. 

Roug h ly speaking, and provided there are no complications, an attack 
of yellow fever is divimhle into three stages— (1) the initial fever ; (2) the 
** period of calm ” ; and (8), in sevca^ cases, the period of reaction. 

The initial teiw is usually sudden m omet, and lasfe from three to four 
days. Tho majumum temperature is genmdly attained within the first 
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twenty-four boors, or by the second day, and, in a case of medium severity 
may rise to about 103® or 104® F. During the three or four succeeding 
days the mercury slowly sinks to 98® or 99® F., the daily fluctuations being 
seldom more than a half to one degree. It occasionally happens that high 
temperature is maintained for more than three days, and also that the 
maximum is not attained until the eighth, but, as a rule, it is reached within 
two days of the onset (Chart 19). 

With or soon after the initial chill or rigor, severe headache sets in and 
is generally a prominent feature. For the most part the pain is concen- 
trated about the forehead, in the circumorbital region and in the eyeballs. 
In many cases it is associated with intolerance of light. 



Cliart 19. — La^ndorjr InfcctiMi al yellow fever. Recomy. 

Loin pain is another very distressing symptom ; it may amount to 
positive agony ; the backache may be as b^ as in a severe case of small- 
pox. The legs, too, ache excessively — particularly the calves, knees, and 
ankles ; they feel as if broken. Epigastric pain is generally prominent. 

The face is flushed and swollen ; the eym are shining, injected, and 
ferrety ; the skin is dry. 

What with pa^ and febrile distress the patient passes into a very 
miserable condition. He is restless md continually tossing about. 

At ^t the pulse ranges from 100 to 120, and is f^ and strong ; but as 
the disease progresses, the pulse loses its sthenic character, gradually 
falling in time and frequecay until, at the '' period of calm,'* it becomes 
remartebly slow and compressible, beat^ periiaps only 80 or 40 tunes 
per minute. This fact may be of p^io^ value in diagnosisi ami is 
known as Faget*$ §ign — that is, a mling pulse-rate with a constemt ieni* 
perature, or a constant pulse-rale with a rising temperature. It is in fact 
a sum wliieb miphaskes the lack of eoneJalkm of iemperatore and pulse, 
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80 that by the second day, notwithstanding the high temperature, the 
pulse-rate becomes less, and by the third or fourth day it has probably 
decreased 20-40 beats from its initial rate. 

At the outset the tongue is not very dirty, but it soon acquires a white 
coating on the dorsum, the edges remaining clean. It is not so swollen 
and flabby as in malarial fever ; on the contrary, it is rather small and 
pointed throughout the disease. This is regarded as an important diag- 
nostic mark ; taken along with the progressive diminution in the strength 
and frequency of the pulse and the peculiar behaviour of the temperature, 
it is nearly conclusive of yellow fever. Later, the tongue dries and, at the 
same time, thirst becomes intolerable. The palate is congested and 
swollen ; the gums may also swell and bleed. 

The congested appearance of the face at the onset of the disease tends 
to subside ; so that by the time the asthenic stage is reached the features 
may have become small, the eyes sunken, and the eyelids discoloured by 
ecchymoses. 

In some cases the skin is hot and dry throughout ; in others it may be 
bedewed with perspiration from time to time ; or the sweating may be 
constant, especially if collapse sets in. 

By the third day the scleree assume a yellowish tinge, and very often 
the skin acquires that yellow colour from which the disease derives its 
name. In severe cases bluish spots may be observed and are due to sub- 
cutaneous hfiemorrhagic effusions. It must not be understood, however, 
that every case presents this colour of skin : in some it is entirely absent, 
but if carefully looked for there is always some yellowness of the scler®. 
The yellow tinging of the skin generally shows about the end of the first 
stage, deepening in intensity as the case advances, and remaining apparent 
for a considerable time after convalescence has become estabUshed. It 
rang<^ in depth from a light saffron to a deep mahogany brown. In fatal 
cases it is always present — not necessarily during life, but invariably after 
death. The skin in bad cam^ is said to emit a peculiar odour like gim- 
washings, or, as Jackson puts it, like the smell of a flsh-market. 

Petechial, erythematous, papular, and other eniptions may show them- 
stdves in different oases ; but in yellow fever there is no characteristic 
eruption, unless it be an erythematous congestion of scrotum or vulva, 
which occurs in a proportion of cases and is described as diagnostic. 

An important feature, from the diagnostic as well as from the prognostic 
lK)int of view, is the appearance, in some cases almost from the outset, 
of albumin in the urine, together with a tendency to suppres- 
sion. At first urine is abundant, but chlorides diminish rapidly, and 
suppression, according to Pichat, appears towards the end of the second 
day. In mild oases these changes may be little marked ; but in severe cases, 
particularly during the stage of depression, the urine may fall to a few 
ounces, and be loaded with albumin to the extent of one-half or even two- 
thirds (usually about 2 grm. of albumin per litre). The more pronouno^ 
these symptoms, the graver the prognosis. The amount of albui]^ 
increases as the temperature falls. Urea (even during the incubation 
period) and uric acid are very much diminished, the former in severe oases 
falling to 1.5 grm. to the litre. The urine is almost invariably add, deposit- 
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ing granular casts, and sometimes giving spectroscopic evidence of hflBino- 
globin. Bile-pigments and bile-stained tub^casts show themselves towards 
the end of the disease, usually about the fifth day, and their appearance is 
regarded as a favourable omen. Peptonuria indicates a serious prognosis. 
The blood urea is usually high during the terminal stages. 

Insomnia is usual, but if it occurs before the third day prognosis is 
said to be grave. Delirium may occur, but is not invariable. Usually, after 
the initial stage of restlessness and acute suffering, the patient b^mes 
torpid, and perhaps taciturn. In bad cases coma and snbsultus may 
gradually supervene, the temperature rising as death approaches, and even 
after. A well-marked iache is present on the forehead, as well as on other 
parts of the body. 

At the outset the bowels are confined. In the second stage, diarrhcna, 
perhaps of black material resembling the vomit, may supervene ; or there 
may be actual haemorrhage of bright-red blood from the bowel. 

Nausea and vomiting are more common than in other fevers. The well- 
known black voviit — always a grave symptom, but fortunately not by any 
means an invariable one — forms one of the most striking features of tliis 
disease. In the earlier stages of the fever, vomiting of bilious matter is 
common. This may subside or, after a time, give place to “ coffee-grounds ” 
which seem to gush up without straining or effort on the patient’s part, 
and which gradually deepen in colour until they become unifonnly black. 
On microscopical examination the vomited material is found ip consist 
ot broken-down blood-corpuscles and alter(*d hcBinoglobin susptnded 
in a yellowish mucoid fluid. This material is, doubtless, in the main 
deriv^ from blood transuded through the walls of the capillaries of the 
mucous membrane of the stomach. It is intensely acid. Though the black 
vomit may not always be seen in fatal cases during life, the material is 
invariably foimd in the stomach jpost moriem. 

Sometimes pure blood is thrown up from the stomach ; similar passive 
hemorrhages may take place from almost any part of the body — from eyes, 
ears, nose, mouth, bladder, uterus and so on. Everything is congested 
at the outset, everything bleeds at the end,’’ is a well-known adage. 

Death may occur during the early acute stage, being preceded by a rapid 
rise of temperature. The majority of deaths occur on the fifth and sixth 
days ; the end seldom comes before the third or after the eleventh day, 
and, at this stage, is generally pree<Nied by a rapid fall of temperature. 

In mild cases the “ period of calm,” which sets in after the subsidence of 
the initial fever, may last for several days, before convalescence. The 
most constant eymptoins are headache, pain in the back and extremities, 
plmtopfaobia, anorexia, prostration, congestion of the ^es, mih a typical 
tongue, pointed and coated, but with r^ edges and tip. In such eases, 
recov^, once begun, is usually rapid ; in a week from the beginning of 
the disease the patient may be about again. In severe cases, however, the 
period of calm is followed by a third stage, the stage of reaction, in whidi the 
temperature again rises, though not to so highs pomt as in the init^ fever, 
and a sort of remitting fever of an adynamic type keeps on for several days 
or weeks. This second^ fever is more protcmg^ if ttiere is any complicatira, 
suih as abscess, hoik, parotitis, buboes, m* secondary hepatitis. The icterus 
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is now very pronounced ; black vomit may recur, or appear for the first 
time ; perhaps a profuse diarrhoea ends in collapse ; or the urine may be 
suppressed, stupor, coma, and other nervous symptoms ensuing, and very 
often ending in death. In other instances the secondary fever terminates 
in a crisis of sweating and prolonged convalescence. 

Even in Europeans, as illustrated by certain of the infections contracted 
in the laboratory, yellow fever may be comparatively mild and may 
resemble an attack of influenza. 

Relapses are rare, and when they do occur are dangerous. The immunity 
produced by one attack of yellow fever is usually permanent, as permanent 
as that produced by smallpox or measles. 

As a rule there is no anaemia, but there is a slight leucocytosis early in 
the dist^ase, soon followed by a leucopenia, which reaches its lowest point 
alK)ut the fifth or sixth day (Berry and Kitchen) ; the polymorphonuclear 
cells predominate, and there is an increase of mononuclear cells during 
convalescence. In human infections the virus has been shown to exist in 
the blood 107 hours after the onset of fever, while antibody has been 
detected after 83 hours, thus confirming what had already been suspected 
on epidemiological grounds of the simultaneous presence of vinis and anti- 
body in human bl(K>d in yellow fever. In icUmc cases the Van den Bergh 
reaction is biphasic. 

Experimental yellow fever infection in monkeys leads to a febrile reaction 
which is not high during the early days of the illness, but subsequently there is a 
sudden rise of temperature followed by a rapid fall and the animal dies in coma. 
In some there is an alternating rise and fall and in others a rapid crisis and death. 
Death may take place as early as the fourth or as late as the fifteenth day. In 
endemic areas many native ehildn*ii develop unrec-ognized infections. 

Diagnosis and differential diagnosis. — Routuie urine examination 
must lx* carried out in all febrile cases and all with more albuminuria than 
justified by the degree of fever should be considered suspect. Other points 
to Ih» considered are the severity of initial symptoms, the relation of pulse 
and temperature to different stages of the disease, the intensity of the 
albuminuria, the degree and colour of the jaundice, the time of the appear- 
ance and the occurrence of h®morrhage8. Severe yellow fever may be con- 
fused with remiUent suhiertian malaria, Weil’s disease, infective hepatitis, 
and blachoaier fever. The difficulties of clinical diagnosis are often great, 
t^specially early in an epidemic. When several deaths, preceded by fever 
and black vomit, have occurred within a limited area and in quick 
Hueemion, a suspicion of yellow fever becomes a certainty, though some- 
timets this has lajeii observ^ in Weil’s disease. There is no clinical feature, 
so far as is known, which would distinguish a mild attack of yellow fever 
from an ordinary febricula, nor any pathognomonic clinical sign that would 
absolutely distinguish a malarial remittent from yellow fever and from 
Weil’s disease. Dengue is probably one of the most* difficult diseases to 
differentiate from mild yellow fever. The facies, orbital pains, and back^he 
are similar to those of dengue, but the appearance of the characteristic 
emption of latter disease on the fourth day should settle the diagnosk 
in any doubtful isolated case. Probabilities must bo weighed in diagnosis 
wh^ it is based on clinical grtmnds alone. The only reliable guides, as 
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between malarial and yellow fever, are the discovery of the malaria parasite, 
the characteristic pigment and leucocytic variation in the one, and the 
determination of their absence in the other, but in an area where malaria 
is endemic, the finding of parasites does not rule out concomitant yellow 
fever. Post morteniy the presence of pigment in the viscera in malaria, and 
of extensive necrosis of the liver-cells in yellow fever is diagnostic. Biopsy 
of liver tissue by a special trocar will probably be of value in doubtful cases. 
Occasionally the two diseases may co-exist. The presence of albuminuria 
is of value in early and abortive cases, especially in Europeans, but albumin- 
uria is more easily provoked in West Africans from any cause. 

In addition to the diseases mentioned, there is great difficulty clinically 
in diagnosing yellow fever from Rift Valley fever, or, in its milder manifes- 
tations, from some forms of influenza, especially of a virulent strain. 
Occasionally relapsing fever may assume a malignant form with intense 
icterus and resemble yellow fever in its clinical manifestations, but it 
may be distinguished by leucocytosis, splenomegaly and spirochaetes in 
the blood. Smallpox, in the first three days, before the rash, may be very 
similar to yellow fever. 

It must also be remembered that in adults infective hepatitis may occur 
in severe form, while unexplained outbreaks of fever and jaundice, not due 
to the yellow-fever virus, have been described {see p. 348). These diseases 
have been differentiated by failure to infect rhesus monkeys during the 
acute stage, and by the absence of immune bodies to yellow fever in 
the blood. In West African natives, particularly, jaundice and albuminuria 
are common accompaniments of lobar pneumonia and exceptionally of 
relapsing fever. 

Laboratory diagnosis . — With modem advances in our knowledge of the aetiology 
of yellow fever, an increasing confidence is being felt in its diagnosis. Within 
the first three days of illness yellow fever is readily transmitted by inoculation 
of the blood to rhesus monkeys which die after an interval of four to five days. 
Blood which has been kept at the temperature of the ice-chest may retain its 
inactivity for several days. Direct inoculation of infected blood into the brains 
of mice gives rise to an encephalitis in from seven to fifteen days. For the 
diagnosis of recovered cases there is the monkey- or, preferably, the mouse- 
protection tests. 

In fatal cases yellow fever may be diagnosed post mortem from a histological 
examinariem of the liver, the essential features being the fatty degeneration, 
mid-zonal necrosis, infiltration with mononuclear cells, and the presence of 
Councilman lesions (hyaline bodies) and acidophilic intranuclear inclusions. 
The em|doyment by the International Health Division of the Rockefeller 
Fonndat^ of Uie ** viscerotome ** enables portions of liver to be removed from 
a cadaver without a general post-mmrtem examination. An examination of 
the liven of all those who have died from acute disease has, in South America, 
enabled many unsuspected cases of yellow fever to be accurately diagiiosed, 
and there is now a well-organized viscerotome service. 

In any outbreak of febrile illness with jaundice in an area where the mosquito 
feuna would pmnit y«4]ow fever to spiead, it is important that blood from 
recovered parients be examined for yellow fever protective bodies, and liver 
lime of carvers for the appearances typical of ydlow fevw. By tlm means, 
in oountries hitherto not invaded by yellow fever, early information may be 
gained and steps can be taken to control the disease. 
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ComplemeiU fixation , — Attempts have been made to discover som^ simple 
test for yellow fever which wo^d obviate the more elaborate protective tests 
in experimental animals. Davis, fVobisher and Hudson have made numerous 
experiments using, as an antigen, either plasma, serum or liver obtained from 
monkeys on the first or second day of fever. The concentration of complement- 
fixing bodies was found to reach its maximum in monkeys after thirty to forty 
days, and they remained in the circulation for a few months to more than one 
year. Only inconstant results were obtained with human serum. 

Prognosis and mortality. — Prolonged initial rigors, algidity, convul- 
sions, suppression of urine, coma and haBmorrhages are all unfavourable 
symptoms. The prognosis is good if the temperature during the initial 
fever does not exceed 108® to 105® F. It is better for women (although, if 
pregnant, abortion is almost invariable) and children than for men ; better 
for old residents than for newcomers ; worst of all for the intemperate. 
According to a table given by Sternberg of 269 carefully observed cases, 
there were no deaths in 44 in which the temperature did not rise over 
108® F. ; in 22 cases in which the thermometer rose to over 106® F. there 
were no recoveries. The mean mortality in the whole 269 cases was 
27*7 per cent. In some epidemics it has risen as high as 50 or even 80 
per cent, of those attacked, but between 25 and 80 per cent, may be taken 
as a fairly representative mortality among the unimmunized. Among the 
permanent inhabitants of the endemic districts the case-mortality is very 
much lower — 7 t-o 10 per cent. In the recent outbreak in the Sudan it 
was about that figure. During epidemics, abortive and ambulatory cases 
occur ; in these, icterus and other characteristic symptoms are often 
absent. Such cases may be hard to diagnose from febricula or mild 
malarial attacks, and the mortality is nil. Some epidemics are particularly 
mild : in others, the majority of the patients die. In the same epidemic 
the cases may vary in severity from time to time. In children the mortality 
is insignificant. 

Treatment 

Fonnerly a much more active treatment than that in vogue at the 
present day was the fashion for yellow fever. It is now recognized that, 
as with most specific fevers, the treatment is more a matter of nursing 
than of drugs. Once in bed, the patient should not be allowed to get up. 
As in other virus diseases the injection of immune serum is valueless once 
th<* infection has begun ; given during the incubation period, however, 
it may prevent, or at any rate decrease, the severity of the disease. Since 
th(> virus is efficiently neutralized by the formation of infmune serum by 
the fourth or fifth day after the onset of fever, it follows that death is 
caused by the destructive effect of metabolic toxins on the liver, heart and 
kidneys. 

Experience has shown that a smart purgative at the very onset of the 
disease is beneficial. With many, castor oil is the favourite drug, but to 
be of service it has to be given in very large doses — 2 oz. or more. Others 
use calomel, or calomel combined with quinine. Others, again, prefer 
a saline. 

Hot mustard plasters, frequently repeated during the first twenty*four 
hours, are much m favour. They are said to relieve the cerebral congestion 
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and the intense headache. Hot baths, with subsequent blanketing and 
sinapisms to the epigastrium, are said to have a similarly favourable 
influence on the congestion of the stomach, which is, undoubtedly, another 
constant feature. For high fever, antipyretic drugs, cold baths, iced 
injections, cold sponging w[id the like may be carefully employed. In view 
of the asthenic nature of the disease, the less depressing measures should 
be preferred. 

Vomiting may be treated with sinapisms and ice pills, or with small 
doses of cocaine. Luminal is indicated to induce sleep in restless cases, 
and codeine sulphate to relieve headache and backache. For black vomit, 
frequent doses of perchloride of iron, ergotine injections and acetate of 
lead have been recommended. Calcium lactate, in large and repeated 
doses by mouth, is probably of value in counteracting the excess of guani- 
dine in the blood. The administration of glucose in the treatment of the 
hepatic conditions represents a distinct advanci\ and good n^ults from 
this line of therapy have been reported. Glucose should be given in 
draclun doses, whenever feasible or, when nausea is present, in 5 per cent, 
solution intravenously (10 oz.), while injections of 5 units of insuhn improve 
its assimilation. For restlessness, phenaoetin or antipyrin is used. When 
the skin is dry, the urine scanty, and the loins ache excessively, Sternberg 
recommended pilocarpine. 

After the fourth or fifth day the flagging circulation demands stimulants 
of some 8f>rt . Iced champagne, hock, or ti^poonful dos<*s of brandy, given 
every half-hour, may tide the patient over the pt»riod of collapse. Great 
care, however, should be exercised in the use of these things ; if they seem 
to increase the vomiting and the irritability of the stomach they must t>e 
stopped at once. 

Free ingestion of water tends to obviate failure of renal function, which 
is the usual form of death. 

The feeding is important. So long as there is fever the patient has no 
appetite ; during this time — that is, for the first two or thr^ da 3 rs — ^he is 
better without food. When the fever subsides appetite may return, and 
a craving for nourishment becomes more or less urgent ; the greatest care, 
however, most be exercised about gratifying this untimely appetite. Only 
the blandest foods, and those only in very small quantities, should be 
allowed — such as spoonsful of albumin water, bmrley water, iced milk or 
chicken tea. Gradually the quantities may be mcreased ; but, even when 
convalescence is established, solid food must be taken very sparingly, and 
must be of the simplest and most digestible kind. Inimreiion in eating 
is a fruitful cause of relapse in yellow fever ; and in this disease relapse is 
exceedi^ly dangerous. Nutrition may be aided by nutrient enemata. 
Any sli^t exertion which may cause a rise in blood-pressure may be fatal* 
It is possible, too, that stimulation of the circulation mddent to the taking 
of food explains the dangers of altering food during the early stages. 

Sternberg advised an alkaline mixture cxmtaining gr. IW of sodimn 
bicarbonate in a quart of water, of which H oz. is given every Inmr, as a 
method of counteracting the hyperacidity of the gastric and intestinal 
contents* 
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Any suspected case of yellow fever should be nursed under a mosquito- 
net day and night, and preferably in a mosquito-proof room. 

Prophylaxis* — A period of six days’ quarantine is now, accepted by 
the international sanitary convention as necessary after exposure to 
infection. It is the duty of sanitary authorities in tropical countries to 
free the areas over which they have charge from Aedes cegypli mosquitoes 
as far as possible. Although complete destruction is not to be expected, 
relative extermination of mosquitos is worth attempting, and certainly 
can b<^ attained by the vigorous use of the now well-known measures. La 
Havana, by such means, in a very few months the number of mosquitoes 
was reduced 90 per cent., with a corresponding gain to the community in 
the diminution of mosquito-con veyi'd disease. The same happened in 
l^anaina, Rio and elsewhere. 

All water-tanks, gutters, and cisterns must be eiTectually screened 
against Aedes ce<jiypii by fine-meshed metallic gauze* ; discarded tins should 
l)e collected and rolled out by steam rollers ; all puddles and stagnant 
water must be abolished and all holes in trees should be closi*d or the trees 
felled. Roof gutters are best abolished altogether. In Africa special 
attention must be paid to the control of mosquito-breeding on native 
dhows. All cases of any kind of fever, no matter how mild they may be, 
or what their nature, must bi^ reported at once to the central sanitary 
authoritit«, who should have full powers promptly to screen or otherwise 
deal with them and the houses in which they originak^d. The general use 
of moBquik)-nets must t)e insisted upon. Adult mosquitoes should be 
destroyed by swatting, and sprinkling insecticidt^s. The chief substance 
uschI in destroying adult «5des in buildings is Flit, which is a mixture of 
pyrethrum, xylol, cnwol, and methyl salicylate in paraffin. A mixture of 
carbon tetrachloride, 7 per cent., with methyl salicylate, 8 per cent., is 
also recommended. For other insecticidal sprays, see p. 114. 

Any delay in recognizing the earliest cases of a threatened epidemic is, 
as shown by experience in New Orleans, most dangerous, leading, as it 
may, to the rapid multiplication of iitfected centres. 

Ships should not be allowed to clear from infected ports, nor to enter 
non-infected ports, during the hot season, without ad^uate inspection. 

Aircraft . — It is necessary, in view of the increasing facilities of air 
travel, to immunize all those proceeding from an endemic to a non-endemic 
area. It has been recommended by the International Sanitary Commission 
for Aerial Navigation that the measures for preventing spread by aerial 
traffic should be taken primarily before departure from areas where the 
disease exists, and only secondarily at ports of arrival. Measures to be 
taken before departure include freedom of crews and passengers from any 
risk of infection during six days before embarkation and freedom of aircraft 
and cargo from the possibility of conveying mosquitoes. It has been laid 
down that an '' anti-amaryl ’• aerodrome must be situated at an adequate 
distance from the nearest inhabited centre, provided with a water supply 
protected against mosquitoes, with mosquito*proof dwellings for passengers 
and staff. A building-free zone of 440 yards should be maintained roimd 
the perimeter of all aerodromes on the main air lines of communication 
withm the end^nic areas. Several considerations should modify the 
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tendency to ^armist views of the danger of importing the yellow-fever 
virus to Eastern countries such as India or China» where the disease is so 
far unknown, but where climatic and hygienic conditions are favourable 
to its spread. One of these is the ease with which aerodromes can be kept 
free from yellow-fever mosquitoes, as well as the ease and rapidity with 
which aircraft can be freed. 

In the United States it has been proved conclusively that Aedes agtfpti 
can be carried by aircraft for long distances, and the necessity of destro^g 
these insects is insisted upon in all aeroplanes flying in tropical countries. 
Either fumigants or a spray may be used ; among the former, certain 
preparations of hydrocyanic acid give the best results, and the use of 
“ discoids ** (discs of unglazed paper soaked with liquid HCN) or Zyklon 
(fuller’s earth impregnated) is recommended. They cannot, however, be 
used when passengers are already in the ’plane. Either fumigant or spray 
can be employed easily and without danger by a skilful fumigator using a 
hand-spray connected by a flexible tube to a supply of air under pressure. 
Half an ounce of HCN per 1,000 cu. ft. may bo regarded as the maximal 
dose for killing mosquitoes. The most efficient sprays are those containing 
a good extract of pyrethrin. “ Deskito ” and “ Shell Tox,” pyrethrins in 
glucose, are non-toxic, non-inflammable and are now being us^ ; a 1 in 80 
dilution of Deskito in water, 150 c.c. for each 100 cu. ft., is necessary. 
The less accessible parts of the aircraft are fitted with apparatus compost 
of a system of tubes w^hieh carry the spray from the container. Disin- 
sectization can be effectively carried out in 5-10 minutes. 

An aircraft should be regarded as infected with yellow fever if there is on 
board any person who within nine days of arrival had been in a yellow fever 
infected area. 

If a person has alighted fiom a yellow' fever area at a non-infected anti-amaryl 
aerodrome and is in possession of a certificate from the Health Office of that 
aerodrome stating that, during his stay, he either remained writhin the anti- 
amaryl aerodrome, or, if he went outside it, he did so under such protected 
conditions as would make it impossible for him to be bitten by mosquitoes, he 
may be permitted to proceed ; more especially if he has been protect^ against 
the disease by a ju^vious attack or by satisfactory inoculation. 

There is danger that, with increased motor traffic and better road com- 
munications, infected persons will be able to travel from endemic to non- 
endemic areas in a time well within the incubation period of the disease. 
All motor traffic from endemic to non-endemic areas has, therefore, to 
carefuUy regulated. 

Prophylactic Inoculation has been practised since 1981 in West 
Africa, Brazil, Columbia and South America generally. At first a modified 
neutropic strain of the virus was used, together with immune human 
serum, to reduce any risk of producing encephalitis. An iiqection of 
munune seram (0*5 c.c. per kilo body weight) was given, and two hours 
la^ the virus, in the form of a filtered suspension of mouse brain, was 
injected subcutaneously. At that time Laigret and other Frendb workers 
u^ the neurotropie virus alone, or mixed with egg yolk or bile, but severe 
reactions reimlted and some cases of memngo-encephalitis developed. In 
1986 a modified vims was produced by cultural methods ; it possessed 
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considerable antigenic power with low viscerotropism and equally low 
neurotropism. With the introduction of the egg-culture method, normal 
human serum was added to suspend the virus. Unfortunately, severe 
jaundice, resembling infective hepatitis, appeared some three to four 
months after inoculation in a number of cases. Thereupon serum was 
inactivated for 30 minutes at 56® C. and it was considered that, by so doing, 
the danger of conveying some other unknown virus in human serum had 
been eliminated. During the first six months of 1942, 28,535 cases of 
jaundice appeared in American troops who had been injected with this 
yellow fever vaccine prepared by the Rockefeller Institute, and 62 died 
of acute necrosis of the liver. Similar accidents have supervened after 
injection of measles convalescent serum and also after whole-blood trans- 
fusion, with an incubation period of about 16 weeks. The explanation 
of the icterogenic property of some normal human sera has now been 
give!i by Findlay and Martin' (1943), who found that they contain a virus 
similar to that of infective hepatitis. The agent responsible for the jaundice 
is present in the nasal washings and serum from patients in the pre-icteric 
and possibly also in the icteric stage. The addition of human serum has 
therefore now been omitted and no further casea of jaundice have occurred. 

Reaction immediately following inoculation with the attenuated pan- 
tropic virus is either lacking or consists of slight headache for forty-eight 
hours. After immunization, immune bodies appear in the sonim from the 
twelfth to fourteenth day and reach their maximum about the twenty- 
first. In many, immune bodies are detectable for seven years or longer 
by the mouse-protection tt^st. It is advisable that the })lood of immunized 
persons should be tested every two or three years and, if necessary, they 
should be re-inoculated. 

A valid inoculaiion certificate is one certifying that the bearer has b(^n 
inoculated for the first time more than fifteen days and less than two years 
previously to entering the endemic zone, or that he has recovered from an 
atUck of yellow fever and his blood contains immmie bodies. 

On the whole, results have been very satisfactory. Very few deaths 
from yellow fever have l>een recorded in uioculated individuals, though not 
all are equally protected. Briercliffe reported one who contracted mild 
yellow fever four months after inoculation. A^des mosquitoes are unable 
to take up the virus from the blood after immunization, so that there is 
no reason why protective inocu^tion should not be carried out in areas 
where these insects are present. Mass inoculation is the only practical 
answer to the jungle yellow fever problem, as was amply demonstrated 
by the vaccination of over a million persons in Brazil in 1938. 

Steps are now being taken by the authorities in British East and West 
Africa territories and the Anglo-Egyptian Sudan to ensure that mass 
inoculation is done, in any specific area, in Europeans and indigenous 
natives. 

Prejparatloii of yellow fever vaccine. — Because the concentration 
of the virus in tissue culture is never very high, developing chick embryos, 
about sev<m days old, are inoculated with tissue culture virus, 17 D, 0*05 c.o. 
Aqueou8<base vaccine is now employed (Hargett). A small hole is drilled 

* fttid hill c(ilt««iru«i (1S44) htivu now proviKl Uint the ioteroip>nlo virue in nonnul human aerum 

identic with that of (nlhetive hefMiitlt)ii. 
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through the shell, and after inoculation this is sealed, and eggs returned to 
the incubator for a further 90 hours. The embryos are then triturated 
and for each 8 grm. is added 1 c.c. of distilled water. The finely-divided 
tissue extract is centrifuged for 80 minutes at 8,500 r.p.m. and the super- 
natant fluid drawn off. The filtrate, which is used for inoculation, usually 
contains between 1,000 and 10,000 mouse minimal leflial doses of vims 
per c.c. Yellow fever virus is very labile, and rapidly becomes inactivated 
in liquid state even when kept in the icelx)x, but when desiccated in frozen 
state in vacuo it is much more stable. All vaccine preparations are there- 
fore dried in the frozen state and sealed in glass after desiccation. When 
the residual moisture is low and the material is kept in the icebox, the 
virus remains active and vinilent for years. If, however, the residual 
moisture is over 5 per cent, the keeping qualities are reduced. This con- 
stitutes one of the chief difficulties in the application of the prejw^nt type 
of vaccine for large-scale vaccination under field conditions in the tropics. 
If the residual moisture content should be above the critical level there is 
always a danger that, during transportation in a tropical climate, the 
material will become inactivate, and inactive virus will not immunize.* 
Other ultramicroscopic viruses resembling yellow fever.— 
Several of these viruses have been isolated in recent years in North and 
Central Africa and in South America. Their exact significance is as yet 
uncertain. 

Durand* $ virus {virus D) was isolated in Tunis in 1940 and dc^ribed 
by Findlay (1942). It is path(^enic for nmn as well as the guinea-pig. It 
is widely distributed in other laboratory animals, and in mice it circulates 
in the lilood without any ill effects. It can l)o cultured on the chorio- 
allantoic membrane of the chick. The particles of this virus are from 
38 to 57 ntfi in size. Whether this virus is widely distributed as a cause of 
sickness in man or whether it is mainly confined to guinea-pigs remains to 
be determined. 

Bwamba fever (Western Province of Uganda) has been described by 
Smithbum, Mahaffy and Paul (1941). This disease is characterized by 
sudden onset, headache and backache. Symptoms subside in about five to 
seven days. Nine strains of filterable vims ware isolated from the blood 
of as many pati^ts suffering from Qm illness. It is pathogenic for mice 
by intracerebral or intranasal inoculation. Guinea-pigs and rabbits are 
insusceptible. The vims particles are about 118 to 150 m(t in size. This 
vims is now more generally known as the West Nile vims and was found 
by Smithbum and Jacobs (1942) to be more widely distributed in the 
West Nile area, in the Bunyoro distoiet, and also is active in the Sudan, 
Ugan(k, Kenya and in the Congo. Aa far as at prekmt known, this 
vims is closely related to the vimses of St. Louis and Japanese B. wice- 
phalitis {m p. 617), and perhaps also to that of louping ill. 

Other rimSdar vimses have been described from Nigeria (“ Kulmruku 
disease '*) as well as from Colombia, South America* 



CHAPTER XVII 

RIFT VALLEY FEVER 


Synonym. Enzootic hepatitis. 

Deflation. — An epidemic disease of sheep and cattle in Kenya, caused 
by a filterable virus which is transmissible under certain circumstances to 
man. The best account of this disease is by G. M. Findlay ( 1982 ). 

History. — Rift Valley fever was first described by Daubney, Hudson, and 
Gamham in Kenya in 1931 ; possibly the same disease was observed by Mont- 
gomery in 1913. 

In 1912 a mortality-rate of 90 per cent, was recorded among the lambs born 
at the Government Farm, Naiva^ (at an altitude of 6,500-6,000 feet), while 
other farms in the Rift Valley also suffered. In July, 1930, another similar 
outbreak occurred amongst the ewes and neWly-bom lambs, accounting for 
3,600 of the latter, and 1,200 of the former in seven weeks. A high rate of 
abortion occurred. Focal necrosis of the liver was the chief pathological lesion 
at autopsy. During the course of the investigation, when the filterable virus 
was discovered, ail four Europeans there employed developed a dengue-like 
fever with rigors and backache, whilst every native who had been engaged in 
herding these sheep had been ill for four days with fever and severe pains. A 
native volunteer was subsequently inoculated with the filtered virus and reacted 
with an acute attack of fever on the third day after inoculation ; his blood 
was found to be infective to sheep for nine days afterwards. In addition to 
sheep and goats, cattle were found susceptible and a natural outbreak occurred 
in these animals at a farm sixty miles distant from the original outbreak. 

The virus in blood, preserv^ in oxalate-carbol-glycerin, was brought to 
England by Daubney in 1932, was inoculated into lambs by Dalling and found 
to 1^ as active as in Kenya, with the r^ult that this investigator and ^ assistant. 
Hart, soon developed the same dengue-like train of symptoms. Subsequently 
other laboratory technicians became infected. 

Etiology. — The virus occurs in the blood and appears to be present in the 
plasma and attached to the bbod-oells ; it is found in the blood, liver, spleen, 
and other internal organs, but not in the urine. It may pass through the placenta 
of pregnant animals and infect the festal tissues. The size of the virus particles 
has Ixwn estimated by Broom and Findlay to be between 23 and 35 m(x. When 
present in plasma, or suspended in physiological saline at pH 7*2, the virus can 
pass through Berkefeld N.V. and W. candles, as w^ell as through Chamberland 
L, and L, candles, without any loss in virulence. Blood preserved in oxalate- 
(tarbol>{dy<)c^ Immi retained its virulence for mice when preserved in the ice- 
chest at 4® C. for eight months. like that of yellow fever, the virus of Rift 
Valley fever is sensitive to the hydrogen -ion concentration of the fluid ; at 
pH 8*0 it is destroyed. Mackenzie (1933) succeeded in cultivating the virus 
without Um of titoe in a medium of chick embryo and Tyrode’s solution. 
cHaimcter of this virus remains unaltered. It can also be growm on the ohorio- 
allantcilc membrane of the developing chick embryo. 

Maokmde and Findlay, by repeated intracerebral passage in mice which had 
previouily received intrap^tcmeal injections of immune serum, succeeded 
in prodiudng a neorotrcmic strain which causes an acute meningo-enoephalo- 
myeHtb in mice but or no necrosis of the liver. Simply, in mc^eys 
and a fatal enc^halo-inyeUtis follows intracerebral injection. 

Apart from the susoepUbUity of sheep, lambs and goats, the pathogenidty 
of the virus for man and mmikeys (Maeacct) and many small rodents (mice, 
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field>mioe, wood-mioe, hamsters, dormice, and rats) is noticeable. Mice succumb 
in two to four days. Cats appear to be slightly susceptible. Indian and South 
American monkeys of the genera Macaca, Hapale and Cebus, are relatively 
susceptible, but African monkeys of the genera CercopUhecus and Cercocebus 
are relatively insusceptible, and do not suffer firom any febrile reaction. Local 
East African rodents have been found by Daubney and Hudson to be highly 
susceptible to this virus, and probably play a part in its dissemination, libese 
are ArvicaiUkw abyssinicus, Mastomys concha^ and Rhabdomya pumilio. 

Using a mouse-protection test somewhat similar to that us^ in yellow fever, 
Findlay, Stefanopoulo and MacOallum have found that immune bodies can be 
detect^ in the blood of natives from the Nuba Mountains in southern Anglo- 
Egyptian Sudan, northern Uganda, and French Equatorial Africa ; no immune 
bo^es were found in bloods from West Africa. 

Duration of infectivity. — In susceptible animals the infection can be 
transmitted by subcutaneous, intraperitoneal, intratesticular, or intracerebral 
inoculation, b}' application to the scarified skin, or by instillation into the nares 
or conjunctival sac. 

In human cases which have been tested, the vims can be demonstrated in 
the blood for six days after the first rise of temperature, or nine days after the 
inoculation. 

As in yellow fever, it is probable that the apparent disappearance of virus 
from the blood and tissues is due, not to the death of the virus itself, but to its 
neutralization in the presence of immune bodies. 

Pathology.— The pathological change in animals consists of a focal necrosis 
of the liver. These foci may be discrete, as in sheep or goats, or may coalesce 
so as to involve the whole liver, as in young lambs, and in mice, rats and other 
rodents. The histological changes consist of an infiltration with mononuclear 
and polymorphonuclear cells, and a hyidine degeneration of the cytoplasm of 
the liver cells (Councilman lesions). In the livers of infected mice, acidophilic 
inclusions (or intranuclear bodies) have been found, by Findlay, as in many 
other filterable virus diseases, and similar bodies have been describe by Daubney 
and Hudson in the livers of experimentally-infected sheep in Kenya. The 
nuclear changes in the affected cells are of the type known as “ oxy chromatic 
degeneration.^* 

Symptoms. — In those cases which have l>een observed in man, the incubation 
period varied from four and a half to six days. At the commencement of the 
fever a feeling of nausea and a sensation of fullness in the hepatic region is 
experienced, and this is followed by violent headaches, pain in the back, rigors, 
and general malatse. The face is Bushed, and there is photophobia without, 
however, any marked conjunctival congestion. The tongue is thickly coated 
and epistaxis usually occurs. Bone pains are confined to the shoukierB, back, 
and 1^. The temperature varies bkween 101® and 102® F. On the fourth 
day of the fever the temperature falls to normal, accompanied by profuse sweat- 
ing ; a post-febrile weakness and a tendency to sweating on the least exertion 
remain. The bowels are usually oonsUpa^ and the urine is deep yellow. 
There appears to be an initial sli^t leuoocytoais, followed on the third and 
fourth days by a definite leucopenia, which persists into oonvalesoenoe. 

Oi» human case has been recorded in which the fever lasted for ten dsys, 
ranging from 101®~103® F., and showed a regular saddle-back character. The 
vims Rift Valley fever thus produces in man a disease resembling in many 
respects dengue and phlebotomus fevcus. In one instance three febiSe attaolm 
of deorearing severity were noted. One fatal infection In man was reomrded 
by Schwentker and Rivets (2034) from the Rockefeller Inrtitute, New York. 
This occurred in one of the membm the staff who had been working wHh the 
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virus. Although the course of the illness was otherwise typical, it was compli- 
cated by thrombo-phlebitis — a condition not previously d^ribed in association 
with this disease-— and death wm due to a pulmonary embolus. In the early 
stages the virus was present in the patient's blood and was pathogenic to mice. 
Death occurred on the forty-fifth day of the illness. 

Immunity. — An immunity can be established in infected monkeys and it 
has been shown that they cannot be re-infected with massive doses of the virus 
for at least six months. In man immunity is present for at least seven years. 

Diagnosis. — The virus of Rift VaUey fever is distinguished from that of 
yellow fever by its pathogenicity on intraperitoneal injection for small rodents 
(mice and rats), and by the fact that monkeys (Macaca) immune to yellow 
fever are later susceptible to infection with the virus of Rift Valley fever. Human 
cases have also occurred in persons known to have suffered from yellow fever. 
The serum of recovered cases gives a specific complement-fixation reaction, 
and contains immune bodies^ whick neutralize the virus when serum and virus 
are inoculated into mice. There is no relationship with dengue, phlebotomus 
fever, or psittacosis. 

Treatment. — In human cases, treatment by injection of immune serum 
has been attempted by Findlay, though it is not possible to estimate the result. 
In view of the toxic action on the liver, glucose should be given by mouth. 

Prophylaxis. — Evidently in the midst of a sheep epidemic human beings 
are themselves very susceptible to infection. There is some evidence to show 
that in the Naivasha district of Kenya, a mosquito — Manaonia Jiiacopennata — 
may be responsible for the transmission of the virus, whilst Daubney and Hudson 
now report that it is possible to convey the disease by inoculation of the body- 
contents of other mosquitoes, such as M. versicolor and M. microannviala. The 
neurotropic virus may be of value in immunizing sheep and cattle, since on 
subcutaneous injection it causes almost no reaction. 
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PSITTACOSIS 

Deftoitioii. — A disease of parrots, communicable to man, and occurring 
naturally in finches, fulmar petrels and other birds. 

History.— The first definitely recognised 6{ndeinio of psittacosis occurred in 
Ulster in Switzerland in 1879, and there were seven oases with three deaths in 
the house of Dr. Ritter, where there were sickly parrots and some other birds. 
In 1882 there was a further small outbreak in ]^me. In 1892 a large outbreak 
occurred in Paris, in which successive cases of pneumonia coincided with an 
importation of parrots from Buenos Aires. The homes of the two men who had 
imported the parrots became foci of human infection, one giving rise to 22 oases 
and 6 deaths, the other to 25 oases with 7 deaths. Dujardin B^umetz reported 
that the human cases resembled influenzal broncho-pneumonia. Subsequently 
other fatal cases occurred in which the association with sick parrots was obvious, 
and Nocard isolated a bacillus allied to the paratyphoid group which was thought 
to be the tetiological agent of the disease. The Paris outbreaks smouldered 
on till 1897, when a somewhat limited one occurred in Italy, which was again 
traced to importation of Amazon parrots from Buenos Aires. 

The first big outbreak of psittacosis in Germany occurred in Cologne, in 
1898, and there was a distinct association with diseased parrots. The disease 
had also been met in the United States since 1904. In 1917 an epidemic occurred 
in Pennsylvania in a store in which a number of sick parrots were kept. 
In Englai^, before the epidemic of 1929-30, only six cases had been reported. 
It was in the course of this epidemic that the erroneous hypothesis of a Salmonella 
infection was abandoned and the true letiology of a filterable virus established 
by Bedson, Western, and Levy Simpson. An epidemic among the personnel 
of the London Zoological Gardens in 1938, which resulted in five cases and one 
death, was due to the importation of parrots from the New World. * 

Epidemiology. — Reo^t outbreaks of psittacosis were at one time thought to 
have all arisen in Brazil, but no human cases have ever been reported in that 
country. Thrae is no evidence that epizdotics of this disease occur under natural 
conditions amongst the parrots in the forests of Brazil, but when these Amazon 
parrots, espedally Amozom are in captivity, and are transported under 

groszy insanitary conditions to Europe, the disease arises and is able to spread. 

A greater mortality firom this disease oocurs during the cold weatW, as 
found by Gordon in budgerigars experimentally uux^ted with psittacosis 
vims. The symptoms in birds are timse of an acute infection. The infected 
bird sits fisU^y, with ruffled and dirty plumage ; it suffers from dkirhcsa 
and there is usually a discharge from the eyes and nostrils. Recently, however, 
Uie problem has bm further complicated by the discoveiy of the vin» in 
ently healtfay birds in California and in Australia, by Bedson, Mi^er and others. 
Whm holed, they are found to have enlarged sf^ns ocmtaining the vims. 

The source of infectioii is usually the Amazon parrot, though grey African 
parrots have hem the apparent cause in some of the British oases. In Australia 
a number of parrots ca^i in New Sooth Wales have been found infeeted, 
while in the Nintbem Tmiioey the Gouldiaa finch (Pelphita gcMim) and the 
long-taO finch (F. aee$ikmbia) oairy the virus. The Bengaieie finch, a ^brid 
between AUmoxyM mMbarka and Vrdomcka strfoki, imported from (rntna. 
Is abo a osaier, as are the sWdn and cwosebiB. Amcmg the Pheeidm the Java 
$p§mm may show infisotion. 

PfiMty cansriet, blackidrds and thrashss may oooastcmally act as emimt 
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and a disease resembling psittaoosis has occurred in the Faroe Islands, where 
apparently it is propagated by the fulmar petrel, Fvlmarus glacialis (Haagen 
and Mauer). During the last few years an atypical pneumonia has been described 
from these islands. It is conhned to the middle-aged and occurs in summer 
and early autumn. Infection appears to be -contracted by the women who 
pluck and salt down the fulmar fledglings. (Rasmussen, 1938). 

The virus has been found to cause disease in pigeons in South Africa and in 
the United States, where at least five human cases have been reported in those 
who have had contact with sick birds. Andrewes and Mills (1943) isolated 
the virus from apparently normal pigeons in Southern England. It is not 
possible to tell from the appearance of the bird whether it is infected or not. 

Parrots may remain in a subacute infectious condition for several years. 
Direct infection from man to man has been noted, and in one English outbreak 
the doctor in attendance contracted the disease from his patient. House 
epidemics, too, are apparently not uncommon, particularly in Vienna, and, 
according to Gerlach, human beings may act as virus carriers after imperceptible 
infections. 

An infective pulmonary condition with a general typhoidal picture occurring 
in definite groups should suggest psittacosis. 

ABtiology. — The virus nature of psittacosis was worked out by Bedson and 
Western on the budgerigar {Melop&Utacus undulatus), in which the disease is 
highly contagious. The virus can be transmitted b}^ citrated blood or emulsions 
of liver or spleen. The blood contains the virus in the early stages of the disease 
and as long as the tenth day. Besides parrots and parakeets, hens are susceptible. 
Mice are suscjeptible to experimental infection by intraperitoneal inoculation 
and, on intracerebral injection, develop encephalitis. These animals become 
acutely ill three or four days after injection and die of septiceemia with enlarge- 
ment of the spleen. 

The virus of peittacosia will pass Chamberland's L|, and Seitz £K filters. 
The size is 220^330 wft. The amount inoculated into mice is 0-5 c.c. intra- 
lieritoneaUy, Rabbits and guinea-pigs are susceptible to intracerebral 
inoculation (Rivers and Berry), as is al^ the Tasmanian devil (SarcophUm 
harrisii). The virulence of the virus is increased by passage through mice, 
and an intracerebral inoculation reveals a definite neurotropic tendency (Gordon). 
The virus of psittacosis inoqulated intratracheally or intranasally in monkeys 
productes a pneumonia similar to that observed in man (Rivers and Berry). 

In parrots which have succumbed to a fatal dose of the virus, minute bodies 
are seen in the endothelial leucocytes in and near focal lesions. These Gram- 
negative bacillary bodiea have also been found in human tissues and have been 
described by Levin thal. Coles, and Lillie as Rickettsia psiUaci, The forms 
dcscril)ed in the early stages of infections of the mouse with psittacosiB are 
developmental stages of the virus, which, according to Bedson and Bland, has 
a i^>m plicated life- cycle reminiscent of certain of the protozoa. These virus 
bodies, readily demonstrated by Gieinsa’s and Castafleda's stains, show con- 
siderable morphological variations. Some forms resemble bacteria ; others 
rickettsiffi and, indc^, some authorities (Lillie) think the virus belongs to this 
group. 

Pathology. — The pathology of psittaoosis in the parrot was deficribed by 
Lillie, A fibrinous or purulent pericarditis is produced with pericardial hamorrh- 
ages. The liver is usually enlarged and studded with white foci of necrosis with 
r^ areolas. On microscopic section this organ showed coagulation necrosis 
with ox^hil, pyknotio and karyolytic liver cells. Marked proliferation of 
the Kupfihr cells was noted, and focal infiltration by plasma c^ and macro- 
phages lac^ with fat. 

24 
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Autopsy findings in man are those a general septicaemia with inflammatory 
condition of the lungs. The spleen is normadly enlarged and soft, with semi- 
diffluent pulp. The^ost striking changes are found in the lungs, which exhibit 
a peculiar hnmoirhagic vesicular pneumonia, complicated by pulmoniury throm- 
bosis and a mucopurulent bronchitis in which bacteria are numerous. In' the 
microscopic pathology one of the most striking features of psittacosis-pneumonia 
is the variation in type of the alveolar contents, often within the same micro- 
scopic field. Some iJveoli contain serum alone ; some serum and red corpuscles, 
and some leucocytes, macrophage cells and alveolar epithelium. An interstitial 
cellular infiltration has been noted in about half the cases. 

The lung changes were at first thought to resemble those of influefizal broncho- 
pneumonia, but they are now recc^nized as a distinct type. In psittacosis 
the consolidation is of a lobar type with abundant fibrin formation throughout 
the affected areas; there is {H^tically no polymorphonuclear reaction, and 
hsemonhages occur only in relation to the more severely damaged areas. The 
bronchioles are involv^. (In influenza the process is essentially a broncho- 
pneumonia and the lung is nodular.) In the brain a condition known as cerebral 
purpura is not uncommon, caused by masses of red cells escaping by diapedesis 
from the capillaries, the walls of which remain intact. 

Symptoms. — Psittacosis in man is a severe illness with a high mortality (about 
20 per cent.). All ages and both sexes are affected. It is, however, as a rule, 
comparatively mild in young people, increasing in severity with age. In those 
over fifty it is usually fatal. The duration of the disease is two to three weeks. 
Convalemnce is protracted and tedious, and may be interrupted by temporary 
relapses or* by femoral- vein thrombosis. 

During the first week the patient may feel comparatively well, in spite of 
high p 3 nrexia. The early symptoms are epistaxis and generalh^ pains. Tow-ards 
the end of the week tl^ whole aspect be^mes more severe ; the patient suffers 
from profound exhaustion and tends to become somnolent and intermittently 
irritable ; there is usually a troublesome paroxysmal cough, which persists to 
the second week. Scattered signs of consoli^tion, which may eventually 
involve the greater part of the lung, become apparent . Constipation now becomes 
manifest and gives rise to tenesmus and abdominal discomfort. During the 
second week a state of semi-coma with muttering delirium sets in, to such an 
extent that life is despaired of, but when things appear at their worst, the tem- 
peratnre begins to && by lysis, and in a few days the patient gradually shows 
signs of improvement. 

Although the illness is usually severe, yet mild and even ambulatory oases 
have been recorded. The incubation period appears to be about eight to ten 
days, but may extend to sixteen days. In man-to-man infections it is generally 
about four days. I^rexia is usually of the typhoid type, and occurs in all 
cases ; tome have a gradual rise of temperature of the “ step-ladder ’* variety. 

BpiMaxu is early, usually on the fiirt, sometimes as late as the eleventh to 
fourteenth day. Headache is a constant feature. Chills and rigors usually 
occur, and with the latter a temperature of 104** F. has been noted. Generalized 
influ e nza ^ Hke pains are the rule. The throat is nsually sore and congested, 
and in a tew cases the tongue is swollen and sore, in the condition known as 
**pedhuooal osdema.’* Ihe hings are involved in almost every case, with a 
cou^ of varying intensity, but sputnm is scanty ; it may be rusty, charac- 
teristic of lobar poeumcmia. The {hysical signs in the lungs vary ccmsiderably. 
A lelative bfachyoardia is the <diaraetertetio feature of the cardiovascular system. 
With a temperature of 103** F. the pulse it about 90 sjmI this teature increases the 
typhoidsl-lfte character (fftiie disease and, indeed, the typhoid state aooompanles 
aU severe oases. Photophobia is abo a tenure, and, towards the end of the first 
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week, mc»8t patients become lethargic, with stuporose appearance, sluggish 
speech, and blunted mentality. 

Rose spots,*' or similar skin lesions, have been noted in nine British cases, 
at varying periods from about the seventh to the thirteentfi days. The spots 
were on the chest and abdomen, more rarely on the back, measur^ 2-4 mm. in 
diameter, and faded on pressure. Parotitis has been noted twice. The blood 
picture in characteristic psittacosis is not markedly altered. Ambulatory cases 
may have a fatal relapse. 

Diagnosis. — On clinioal grounds the diagnosis of psittacosis is not easy, as 
it has many features in common with typhoid. The gastro-intestinal S 3 rmptom 8 
may resemble those of that disease, but perforation and hiemorrhage never 
occur. The spleen is usually palpable in typhoid, but in only two out of 80 
cases of psittacosis has this b^n recorded. With influenza, too, it has many 
features in common. Blood -cultures and agglutination reactions are completely 
negative in psittacosis, and inoculations of blood or sputum in the early stages of 
the illness will prove fatal to mice. Apart from isolation of the virus, the most 
satisfactory method of diagnosis is by the complement fixation reaction. 
According to Bedson, the most satisfactory antigen is obtained from the spleens 
of infected mice, as it is essential to employ material that is rich in it. Antigen 
may also be prepared from cultures of the virus on agar-serum or chick -embryo 
medium. The technique is similar to that of the Wassermann reaction. It is 
diagnostic 8-12 days from the beginning of the disease, when it occurs 1 in 2-1 
in 8 and in higher dilutions. There is a non-specific fixation with syphilitic sera 
up to 1 in 8. 

Differential diagnosis. — Psittacosis in parrots has to be differentiated 
from Pacheco's parrot disease, which was discovered by Pacheco, Bier and 
Meyer while investigating pathological conditions of parrots in Brazil. The 
filterable virus produces a clinical picture similar to psittacosis ; it differs from 
psittacosis virus in not being communicable to man or pathogenic to mice, 
while in the necrotic liver cells there are large acidophilic intranuclear inclusions. 

Prognosis. — The mortality rate in human oases so far reported is high — 
usually about 20 per cent. — and convalescence is slow and te^ous. 

Treatment.— Symptomatic treatment and nursing should be on similar 
lines to those of typhoid. The only treatment which might be of any value 
is early use of serum of patients who have recovered from the disease. Injections 
of non-spe^cific human serum appears to produce good results in some instances, 
while prontosil has been tried ^rith good results in one case. 

Prophylaxis.— The best method of avoiding a disease which is conveyed by 
birds of the parrot family is to avoid contact mth these birds. Petting parrots, 
and especially insertion of the beak into the mouth, should never be crowed. 
The importation of members of the parrot family and finches into countries 
where the disease is not endemic should be prohibited. 
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RABIES 

S 3 nian 3 mi 8 . Hydrophobia ; Rage (French) ; Tollwut (German) ; Lyssa ; 
Rabbia (Italian). 

Definition. — Babies is a disorder of dogs and other animals. Under 
natural conditions it is transmitted both to animals and man by inoculation 
of virulent saliva in the act of biting. 

It is now realized that it is caused by an ultra-microscopic virus, which 
invades the central nervous system by the peripheral nerves, and bwomes 
fixed there. The incubation period is in some cases very long, and the 
centres for respiration and deglutition in the brain are severely attacked, 
80 that spasm and, eventually, paralysis result. Protection is afforded by 
inoculation with attentuated or killed rabies virus and, to some extent, by 
antirabic serum. 

History. — The earliest recognizable reference to rabies is that of Aristotle 
in the fourth century b.c. The fir^t extensive descriptions are those of (’elsus 
in the first century a.d. and Caeuus Aurelianus and Galen in the second. 
TJie paralytic form was first recognized by Van Swieten in 1771. The first 
demonstration of the identity of the disease in man and animals was made by 
Magendie and Breschet. The modem study of the disease dates from the 
classical work of Pasteur, who devised the method of subdural inoculation of 
material from the central nervous system, and laid the foundations of the 
preventive system of antirabic inoculation which bears his name. He also 
suggested that the causal agent might be an invisible microbe. 

Geographical distribution.—There is no part of the earth where man and 
other terrestrial animab can live where rabies cannot }K>tentially exist. It 
occurs quite commonly in Greenland, Iceland and other Arctic countries, but 
it is possible that in the Far North a special modified form exists. In the 
tropics and subtropics, especially where jackals and wild dogs abound, a 
specially virulent form is sometimes prevalent. In South America and in the 
West Indies, cattle are commonly affected*, constituting a reservoir of the virus, 
and in Jamaica the vampire bat plays an important part in dissemination. 
Ansiralia is said to be free from this disease, and this freedom is ascribed to 
the peculiar fauna and the rigid quarantine which has been imposed upon dogs. 

lUbies has been stamped out from Great Britain for nearly forty years, except 
for a small outbreak among dogs when an animal was smuggled into the 
cototry by aeroplane. It is very prevalent indeed in India, where, on 
acoount of the numerous and dangerous bites from wolves and jackals, it 
causes, a high mortality. Statistics are difficult to obtain, hut an average of 
about fi,000 persons is treated annually at the Pasteur Institute, Kasauli. 

In the United States of America 10 states or territories are considered to be 
free firom the disease both in man and animals, and until recently it accounted 
for about 100 deaths a year. 

AnmaU mtscejjiibie to raines. — ^AU warm-blooded animals are susceptible, 
under favourable conditions, to experimental inoculation of the rabies virus ; 
it is more commonly met in nature in those mammals which are subjected most 
often to the bites of dogs, wolves and foxes. Some species are seldcm infootedt 

‘ In South Ammui rsbiei in cattle wrongfr— tetiii»d ** Mai de Cadersa** 
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either because they are seldom subjected to bites, or because they are provided 
with thick fur. 

There is some reason to believe that skunks, weasels and stoats, and possibly 
the meerkat {Cynictia penicillcUa) may propagate the disease widely among 
their own kind, as does the dog. The susceptibility of rats to subcutaneous 
inoculation led to the opinion that these animals might also be capable of 
perpetuating this disease in nature, but of this there is little evidence. In 
South Africa meerkats acjt as a reservoir, while in the United States grey squirrels 
may play a similar r6ie. 

Domesticated animals are affected with the following percentage frequency : 
dogs 85*1; cattle 10*7; horses 1*48; swine 1*12; cats 0*81 ; sheep 0*7; 
gfwits 0*f)0. Donkeys are rarely affected. 

Wolves, foxes and rabbits may be affected in countries where they abound. 
Birds are relatively insusceptible to inoculation and this is said to be due to 
their high body temperature. tVogs are said to be susceptible. 

The alleged disproportionate prevalence of rabies during certain seasons of 
the year appears to have little foundation in fact. 

AEtiology . —The symptoms of rabies indubitably point to an intoxication 
of the nervous system, while the pathological changt^s also indicate that this 
is the ^mrt affeetcKl. 

The most generally accepted view of the infection is that the virus of rabies, 
u|K)n its introduction beneath the epidermis, finds its most favourable medium 
for pro|)agation in nerve-endings and fibres torn in the region of the bite. 
Along the course of the axis cylinders it develops and travels, without disturb- 
ing their function, until the central nervous system is reached. The virus is 
stric^tly neun>tropic, although Marineseo and Stroe»seo consider that the main 
}mth of dissemination is by the lymphatics. Finally, the cells of the central 
nervous system arti attackiKl, the first effect being ex(*e88ive stimulation, 
followed by destruction. At the same time a neurotoxin is produced which 
is n^s{>onsible for some of the symptoms. Nerves leading from the site of 
the inoculation to the central nervous system have l)een shown to become 
progressively infectious in ascending segments, while complete section previous 
to inoculation confines the toxin to the lower segment. The blood and lymph 
appear to be incapable of taking up the toxin from the site of inoculation. 

Street vims (“ vims des mes/' “ Strassenvims ”) is the strain found in the 
virulent nervous tissue infet'ted by the natural disease^ ; its virulence is very 
variable and, when inoculated subdurally into rabbits, it causes symptoms 
of rabies after a variable period of more than fourteen days. Inoculations 
should, if possible, be carried on for several passages, till the nature of the virus 
becomes clear. Considerable vauriation in street virus occurs, some strains 
showing rapid adaptation to the central nervous system. 

Fixed vims {vims fixe) is modified from the street virus by casing through 
a long series of rabbits. In this manner its virulence becomes greater for these 
animals, so that finally they develop the disease after a constant or “ fixed ” 
period of inoculation, after which no further passages can reduce the incubation 
jHiriod below this span. The mouse, however, appears to be the most suitable 
animal for rapid dieignoeis. 

Nioolau and Kopciowska were able to pass a strain of rabies virus from sciatic 
nerve to sciatic nerve for more than one year, and have thereby reconverted 
“ fixed virus ** into “ st]:eet virus.** The strain of fixed virus has been passaged 
in the laboratory for six years and gives rise to from one to four Negri bodies 

' TUit dlaewie latown m lunoug the iiAtlvM in West Xfrtoa luui b«on shown to be Ideuticnl 

with mblM, NlooUui, Miithis, and Oomtantineaco claimed that this vims Is lees viralent, and more 
dlfWtniU to <U, than (• the true mbies rtruo. 
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in lOb ganglion cells of the hom of Amnion. This transformation was achieved 
by passage inoculations made into the right sciatic nerve, the emulsions employed 
bei^ obtained from the left sciatic nerve of the previous animal. With great 
trouble, two lines of passage have been obtained covering a period of more than 
a year. 

Negri “ bodies ,'" — Negri originally described certain oxyphilic granules in the 
nerve-ganglia cells of the hippocampus major. Although they are probably 
of the same nature as the cytoplasmic inclusion bodies found in association with 
other uitramicroscopic viruses, yet Negri bodies are admittedly very constant 
in rabies, peculiar to it, and usefiil for diagnosis. Recent ultrafiltration methods 
(Galloway and Elford, 1936) have made these bodies more easily visible. 

Coveil and Danks, after micro-incineration and other studies, concluded that 
the Negri bodies arise from constituents in the nerve-cell as a result of the virus. 
They are not present in every case of rabies, but when a person has been bitten 
by an animal having symptoms suspicious of rabies, preventive treatment 
should at once be instituted. Inoculation tests have shown that this practice 
is sound. The custom of killing suspected animals immediately after they 
have bitten their victim is not recommended, as this practice operates against 
the demonstration of Negri bodies which may be present in the later stages of 
the disease. Other changes in the nervous tissue, of less importance from a 
diagnostic view, have been described, and Courmont and Lesieur claimed that 
in ^ dog there is a relative polymorphonuclear-leuoocyte increase in the blood 
and in the lungs ; wheipas in the normal dog these cells average 63 per cent., in 
the rabid animal they form 90 per cent. 

Passage of vims in carnivorous animals.— When passed through dogs 
the virus does not lose its potency ; on the contrary, it becomes fixed with 
an incubation pmod of eight or nine days, but in rats street virtis becomes rapidly 
augmented in virulence ; on the oth^ hand attenuation and, finally, of 
virulence is produced when monkeys, frogs and birds are inoculated. 

Location of the virus in the body. — The central nervous system and the 
peripheral nerves contain the virus with constancy, but infectiousness is variable 
in (Cerent parts of the nervous system. It was found by Nitsch that 0*1 
mgm. of the brain cortex (Jisjed virus) was lethal to rabbits in seven to nine days, 
whilst 0*5 mg. from the centre of the cord was not virulent, though 1*0 mgm. 
was. The ni^ulla, for instance, is five times more virulent than the rest of 
the cord. The salivary glands of do|^ are constantly infectious. The generally 
accepted view is that the virus finds its way to these glands by way of the nerves 
and, according to Remlinger, the saliva of a dog may remain virulent five days 
after apparent recovery tom rabies. In man the salivary glands are seldom 
invaded. The blood is non-intotious, either in roan or in experimental animals. 
There is no evkkmce that the virus can be conveyed to the fostw). Neither the 
milk, urine, liver and spleen, nor spermatic fiuids ever harbour it. 

Cultivatitm of the virus. — Although there is considerable doubt whether 
the vims can be successfully grown in the chorio-allantoic membrane of the 
dev4doinng chick embryo, it has been grown successfully, either in a plasma 
medium or in semm-Tyroda, containing mouse- or chick-embryo tissue* Human 
and simian are more satisfactory than ndibit serum for this purpose. 

Propertiet of the virus. — ^Tfae parade size of the virus of fixed rabies is 
lOD-lfiO m {A, as determined by filtration. Centrifugalizfiiion renders the suM- 
natant fluid of an emulsion avimlent. The vims is sensitive to heat ; mils 
ordinary undrled emulsions lose viraknoe afler exposure to 6(f C. to sixty 
minutes and to 00^ C. to thirty minutes. In the drM form, however, the vims 
resisU 106^ 0. to two minutes. On the other hand it oan withstand intense cold 
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(liquid air at — 190° C.) for three months, and 60 per cent, glycerin for many 
months. 

Defecation , — Rapid desiccation of brain and spinal cord is not destructive 
to virulence, and virus in this state can be preserved in stoppered bottles in the 
dark for nine months. Gradual desiccation at higher temperatures (23° C.) is 
accompanied by gradual attenuation, so that virulence is usually lost in five or 
six days. 

FiUrOtion, — Emulsified rabies virus passes through the pores of Berkefeld 
filters, but not finer than L, in the series of Chamberland bougies, and it is 
claimed that fixed virus passes through finer pores than street virus. 

Chemical agenia , — Rabies virus is sensitive to the action of acids and alkalis, 
but more resistant to chemical disiniectants than are bacterial emulsions. 
Probably, when it is introduced into the subcutaneous tissues, leucocytes and 
other cells are capable of absorbing it. The serum which is immunized against 
rabies is able to destroy the activity of the rabies virus in vitro. From immunized 
sheep a serum of a very high antitoxic titre has been obtained. 

The Trinidad disease (Paralyssa). — Hurst and Pawan (1930) described 
a curious paralytic form of rabies in Trinidad. It appears to affect and be 
spread by the vampire bat, which in South America and in the Antilles feeds 
indiscriminately on the blood of man and cattle. The disease was first noticed 
in cows ; subsequently five cases were discovered in man, and the virus was trans- 
mitted to monkeys. This disease is apparently identical with mal de caderas *’ 
of South American cattle, but is probably better termed South American lyaaa. 
Some doubt has been expressed whether the bat at first identified by Pawan was 
the vampire or a harmless species of the genus Artib<Bua, but Lima (1934) in 
Brazil, by direct experiment, brought forward evidence that, in the St%te of Santa 
Catherina, epizdotios of paralyssa are prevalent in the favourite haunts of vampire 
bats (Desmodidfie) and that the transmitter is the local species {Desmodus rolun- 
dus). The virus may be demonstrated in their saliva and the}'^ act as carriers for 
considerable periods. Kraus and Duren suggested the designation '' Paralyssa 
for this form. 

Incubation period of rabies. — This is remarkable for its length and great 
variability. In nature it is seldom under ten days, but may extend to a year, 
or even longer, though in the majority of cases the disease develops before the end 
of the third month. 

The length of the incubation period is influenced by the following factors. 

(i) The species of animal ; it is usually longer in man than in the lower animals. 

(ii) The site of the inoculation : the shorter the distance from the brain, the 
shorter wiU be the period of latency, whilst females exhibit a shorter period 
than males, and children than adults, (iii) The severity of the wound and the 
physical condition of the patient have an undoubted influence. 

S3rmptoms and clinical course. — Rabies presents two distinct clinical 
types : the furious or excited, and the quiet, “ dumb ” or paralytic. Some 
distinguish four types of the disease ; cerebral, medullary, cerebellar and sym- 
pathetic. 

The excited or furious type, — The onset of rabies is usually rapid ; the patient 
shows some psychical change very early, becoming anxious, melancholy, and 
possessed of strange presentiments. Sleep becomes impossible. Soon, local 
numbness, twitchii^, and a sense of itching progress firom the wound, which 
becomes engorged and tender. Sometimes the first symptom is a strange sensi^- 
tion in the thr^t or a sense of constriction of the fauces. 

The mental symptoms may be pur^y h 3 ^sterical, and many cases have been 
recorded in which the onset is determined by mental shook, though fright and 
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terror may be regarded as manifestations of the disease. An initial rise of tem- 
perature is perhaps the most constant early sign. 

Symptoms may last several days before the outbreak, but usually only twenty- 
four to forty -eight hours. Hydrophobia, the outstanding symptom, prevails in 
the great majority, and arises from extremely painful spasms of the organs of 
deglutition and respiration induced by attempts to eat and, especially, to drink. 
These spasms are so agonizing that they exceed, possibly, all other forms of human 
suffering ; the sight or smell, or even the sound of liquids, is sufficient to excite 
an atta^. When an effort is made to gulp down a small quantity of liquid it is 
expelled, with an anguishing spasm of the throat and larynx. This condition 
is a State of hyper-susceptibility of the nerve-cells to external stimuli. Draughts 
of air may bring on a convulsive seizure ; skin and tendon reflexes are exaggerate ; 
respiratory spasms involve the thoracic muscles and cannot be relieved by 
intubation, ^lid foods are usually more readily taken than fluids. 

The disease progresses rapidly. In the majority of instance's there may bo 
periods of latency which cause hope of recovery and doubts of the diagnosis. 
The mind is usu^y exceptionally clear, questions l>eing answered with intelli- 
gence until the voice becomes indistinct and words unintelligible. But there 
are periods of excitement which may be truly maniacal ; the jmtient may 
injure or destroy any objects near at hand, but there is sfddom any tendency 
to injure other persons. Sexual excitement, accompanied by priapism, is 
frequent. The voice usually becomes hoarse ; the strange sounds emitted 
during expectoration at the onset of the seizure have given rise to the popular 
conception of “ barking like a dog.” 

The convulsive seizures become more and more pronouncetl until paralysis 
leads to death. The muscles, which have been racked to the limit of endurance, 
become limp, and the face, previously expressive of terror and suffering, beconu^ 
expresaionless. There is usually an excessive secretion of ropy saliva, which the 
patient is unable to expel. Finally, the breathing iKwmes irregular and feeble 
and at last ceases altogether. The temperature rises before death. »Sugar and 
acetone are usually found in the urine. In the paralytic stage the pupil is dilated. 

The paralytic type in man . — Because symptoms are less marked than in the 
violent type, this undoubtedly remains unrecognized in many cases. For a 
time the mere existence of this form was forgotten. Pathologically it has been 
attributed to infection with a large amount of virus and to the involvement 
of the spinal cord rather than the brain. The onset takes pLaec with high fever, 
gener^ malaise, headache, and vomiting ; afterwards there is localized pain, 
especially in the bitten parts ; a heaviness and numbness of these regions follow, 
then ataxia, weakness, and finally paralysis. Girdle sensation U usually present. 

Con^ousness is retained until late \n the disease. Paralysis spreads, with 
preceding or accompanying pain in the affected parts, involving limbs, trunk, 
rectum, bladder, face, tongue, and eye muscles. Home difficulty in swallowing 
liquids results from the * respiraUjiy embarrassment, but “hydrophobia” is 
usually absent. Frequently, normal respiration may be U?mporarily restored 
and death takes place from cardiac paralysis. This form of the dise^ is more 
prolonged than the furious type, lasting up to seven and a half days, as com- 
pared to the average duration of three to four days in the latter. 

Rabies in the lower animals , — On ac<K>unt of its highly developed intelligence 
the d^ shows the most marked psychical disturbances, and when it begins to 
exhibit marked and causeless changes in disposition, suspicion of rabies should be 
entertained, especially if there are other reasons. The dog may become more 
morose, sullen, or irritable, or show excessive affection. Fatal infections are apt 
to occur at this stage through licking wounds or abraded sur&ces. 

A vary characteristic i^rmptom is the change in the character of the voioef 
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which is said io resemble the yelping of a tired foxhound giving tongue. The 
rabid dog is easily startled, growls or barks on the slightest provocation, and may 
bite other animals, or man ; he bites them, or passes by, but never swerves to 
attack them. ’ 

The popular idea of a rabid dog as an aggressively mad animal is incorrect. 
On the contrary, it looks ill, takes no interest in its surroundings, trots along 
with a wavering gait, often with unilateral drooping of the ear. Convulsions 
soon appear and the animal may die during one. More frequently, a paralytic 
stage supervenes and the dog drags itself to a secluded spot. In contnwiistinc- 
tion to its usual habit, it swallows sticks and stones and other objects. 
Swallowing, at first difficult, later becomes impossible. 

The pandtfiic form is most frequent amongst dogs, and is peculiarly dangerous 
to man. The dog becomes the object of sympathy so that bystanders often 
l>ecome scratched or bitten. Such rabid dogs are intensely thirsty and have no 
fear of water but, owing to the paralytic condition of the throat, they are unable 
to swallow. Glycosuria is a common symptom of rabies in animals, and is said 
not to be of renal origin. 

The paralytic form is very common in herbivora, but horses present the most 
agonizing tyjje of the furious form. 

Experimental rabies in the rabbit. — After subdural inoculation, ral>ic^8 manifests 
itself by a premonitory fever ; the animal appears sleepy and does not eat. 
The appearance of the face is characteristic ; the eyes have a staring expression 
and frequently thert^ is drooping and lopping of one ear. The animal urinates 
more frequently than normal. Rarely, the furious stage supervenes, convulsive 
seizures ore frequently observed and there is grinding of the teeth. Paralysis 
begins in the hind legs and procet^ds forwards. Abortion is common in pregnant 
females. 

Immunity. — Natural immunity to rabies is exhibited by a number of lower 
vertebrates ; occasionally in mammals an individtuU immunity may be observed, 
and a state of hereditary immunity has been described by Remlinger and Konradi. 

Much more is known about acquired immunity. Man and animals may be 
rendered immune by inoculation with modified virus of rabies ; secondly, 
their blood acquires “ rabicidal ” properties, that is, the power to render inert 
the virulent material exposed to its action in vitro. 

Immunity to rabies can be conferred by increasing doses of filtered emulsions, 
esfjecially those expostnl to high temperatures. 

Levaditi and Steel show^ed that the virus of rabies is maintained, and probably 
multiplies, when placed in vitro in contact with cellular elements. The virus 
develops in contact with embryonic cerebral tissue in mtro. 

The virus is more virulent in rabbits, inasmuch as it causes the disease more 
rapidly, but at the same time it loses virulenije for animals higher in the taxono- 
in ical scale. It is assumed that, by passage through rabbits, the virus becomes 
augmented, hence the early onset and the paralytic symptoms. Its resistance 
t<» the inimical action of the body juices is thought to be reduced ; hence the 
hannlessness of subcutaneous injection. The argument in favour of the toxin of 
rabies being an ultramicroscopic virus is the production of symptoms of fever, 
emaciation, and cachexia after passage through a filter, Glusman, Solonjowa 
and IVedtetschenkaya have found that the virus can pass through Charaberland 
bougies L, and L,. Occasionally during inoculations, or soon after, paralytic 
symptoms appear, apparently not directly due to rabic infection. Faral^y^is of 
the Landry type is often not^. These paralytic accidents are occasioned, it is 
believed, by some toxic substance present in nervous tissues derived both from 
rabid and normal animals. 

There are other peculiarities of the rabies virus toxin ; thus, the spinal cord 
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of the rabbit, when dried until it has lost its infeotiousness, has also entirely lost 
its immunizing properties. It is therefore possible to explain artificial immunity 
conferred by injection of fixed virus. The successive injection of dilutions of 
fixed virus, increasing from weak to strong, or of emulsion of the dried cord has 
the following effect : the rabies toxin contained within them arrives earlier at the 
cells of the central nervous system by way of the blood and lymph circulation 
than it does by progressing along the nerves, so that when it arrives at the centres, 
the protoplasm of the cells has already become accustomed to the action of the 
rabies toxin ; consequently the virus, introduced during preventive inoculation, 
can no longer affect them and produce chromolytic changes. Unattenuated 
“ fixed ” virus may now be used for production of immunity, for there is no danger 
of producing rabic infection from its subcutaneous injection. It has recently been 
shown that, in the presence of a pointolite, rabies virus may be inactivated by the 
photod3mamic action of dyes, such as methylene blue or proflavine in high dilu- 
tions. Inactivated virus, however, retains its antigenic powder. 

Diagnosis and differential diagnosis,^ — The diagnosis of rabies rests upon 
the consideration of many factors, such as the history of exposure to infection, 
the length of the period of incubation, the clinical symptoms and course, the 
termination, and the post-mortem findings, confirmed by inoculation tests on 
animals. 

In recounting the history of exposure to the virus, due consideration must 
be given to the mental excitement of the patient and to the fact that the rabies 
may be infectious several days before the appearance of rabid symptoms in 
infected animals. 

Very often it happens that no history of infection may be obtained until late 
in the disease, or until after death, lliere are instances where the victim has 
died of rabies, yet the infecting dog has recovered. In assessing the length of 
the period of incubation, well-authenticated cases of rabies may commence as 
early as ten days after exposure, but hj^terical manifestations come on a few 
hours or days after assumed exposure. The mental behaviour of the patient 
during the probationary period may assist in diagnosis, but many cases show no 
disturbance whatever until tell-tale signs develop. The chief difficulty is, of 
course, with hysterical manifestations, and it is stated that hypersensitiveness to 
draughts of air, common in true rabies, is not evoked in hysteria, so that fanning a 
patient may produce a convulsive seizure. Tetanus and mania may also simulate 
rabies. The absence of trismus in one, and of convulsive scnzure in the other, 
will help. Some parclytic cases of rabies may resemble Landry's paralysis. 

In the lower animals there is a variety of diseases, such as dog distemper, 
dog hysteria, or brain tumour, which may simulate rabies. Then there is the 
pseudo-rabies or “ mad itch of Aujeszky. This virus is much more resistant 
to desiccation. Remlinger and Bailly found that the intraocular route is the 
most practical method of differentiation in experimental infections, because in 
pseudo-rabies the issue develops suddenly, which is not the case in true rabies. 
The infection is transmitted along the axis cylinders of the nerves, reaching the 
ganglia and segment of the cord, producing this degeneration which is |«rol^bly 
responsible for the itching from which the disease takes its name. Pseudo- 
rabies has occasionally occurred in men, as a result of handling infected animals. 
It is a non-fatal disease and is characterized by intense itching. 

Cases of “psychological “ rabies have occurr^ in medical men and veterinarians 
bitten by dogs suspect of having rabies. Apart from psychological symptoms, 
there are no nervous changes. 

TREATicxinr 

(o) Treatment of the developed disease. — ^No cure has yet been devised 
for the fully developed disease. As in other virus diseases, a potmit antirabio 
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eerum has no eflFect once the symptoms have begun. Therefore, fully developed 
rabies in man must be treated on symptomatic grounds. Chloroform inhalations 
are given for control of painful spasms ; chloral and bromides per rectum and, 
if possible, curare, subcutaneously. Morphia is apt to increase the mental 
excitement and suffering. Where the patient cannot swallow food, rectal alimen- 
tation is to be preferred to feeding by stomach-tube. Intubation or tracheotomy 
are probably both useless for the relief of dyspnoea and suffocation. Mechanical 
restraint is generally unnecessary and should not be resorted to except in violent 
maniacal forms. The attendants must preserve a calm and pleasant demeanour 
and, when speaking of the disease, should do all possible to reassure the patient. 

(6) Prophylatic treatment of person exposed to infection. — Cauteriza- 
tion of the infected wound has been practised since time immemorial and, when 
properly carried out, it is undoubt^ly of some benefit. It has been shown 
by experiment that the incubation period is prolonged, even when it does not 
prevent extension of the infection, and thus permits more time for establishment 
of immunity by antirabic inoculations. Actual cautery is very painful, and is 
efficient only if done thoroughly and instantaneously. The best method is to 
probe all parts of the wound with nitric acid. Carbolic acid is probably less 
effective. 

(c) Preventive inoculation. — The Pasteur treatment for the prevention 
of rabies in exposed jjersons is designed to confer immunity during the period 
of incubation. The production of this immunity is necessarily a long process but, 
fortunately for humanity, the incubation period of rabies is normally much longer. 
In persons in whom, from a combination of factors, the incubation period is very 
short, the Pasteur treatment fails. 

The principle upon which the Pasteur treatment is based rests upon the 
production of immunity by inoculation of modified rabies virus. This has been 
finally accomplished by serial {lassage of the virus through rabbits until a fixed 
degree of vimlence has bcK'ii reachtni, and secondly, by its attenuation by desic- 
cation. The first of these processcMi is the more important and the one most 
frequently employt^l at the prestmt time. The following methods have been 
employed : 

(1) Unmodified fixed viras, introduced by Ferran : 0*08 grin, of cord of a 
rabbit dead of a fixed- virus infection is emulsified with the aid of fine sand, 
using 8 c.c. of salt solution or bouillon : 6 c.e. of the supernatant fluid is injected 
subcutaneously into three different parts of the body. 2 c.c. in each. The in- 
jections are rejwated on five successive days. 

(2) The dilutim of fresh-fixed virus, a method introduced by Hdgyes, who 
maintained that attenuation could be more accurately controlled by diluting 
the fresh virus with salt solution and increasing the dosage, as treatment pro- 
gressed, by increasing the strength of the emulsion. An improvement suggested 
by Harvey and McKendrick is to take smaller amounts of an original emulsion 
of fixed virus, prepared from the spinal cord of a rabbit dead of a fixed- virus 
infection, rubbing it up with sterile salt solution in the proportions of 1 in 100. 
Dilutions are prepared varying from 1 in 200 to 1 in 10,000. The dilutions are 
then used for immunizing. For severe cases, such as head or face wounds, as 
many as five injections are given daily in dilutions varying from 1 in 2,000 to 
1 in 10,000, in the first four days, and subsequently, to the twentieth day, two or 
three times daily. Formulie have to be devised to suit individual cases. 

(3) Fixed virus aUmuated by drying , — ^The original method of Pasteur, and one 
still most extensively practised, has the advantage that it may be administered by 
private {uractitiohers at some distance from the laboratory, since dried virus can 
be preserved by glyoerinization, and despatched in this condition. The original 
scheme of Pasteur has been greatly modified, according to the time consum^ by 
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the treatment, by dispenaix^ with some of the more attenuated cords, and by 
increasing or diminishin g the dosage at individual injections. In the first four 
days two 3 c.c. injections are made dailv of emulsions of cord dried in vactto 14, 13, 
12, 11, 10, 9, 8, 7 days respectively. The total course of treatment is twenty-one 
days. 

(4) Fixed virus attenuated by heat , — A method iuivocated by Babes appears 
to be merely a more difficult method of attaining the same result as by the 
desiccation method. 

(5) Fixed virus acted on by ylycerin.—WhUe glycerin possesses the power of 
conserving rabies virus in an active state for a month or more, on prolonged 
exposure this virulence is lost, although the immunizing power may be retained. 
This is the method which was advocated by Calmette, although rarely is this 
immunity sufficiently substantial to witl^tand subdermal inoculation tests 
with the fixed virus. 

. (6) Marie claimed that a rapid immunity is secured by treating a fixed virus 
partially neutralized by antirabic serum in vitro. It is said that a virus of liigh 
immunizing power, but of diminished infectious properties, can be administer^. 
For this method one gramme of the medulla of rabbit is taken. A passage-fixed 
virus is rubbed up with 9 c.c. of veal broth and the emulsion strained through 
cloth. To 2 c.c. of this emulsion is added 4 c.c. of antirabic sheep serum, pre- 
viously heated for thirty minutes at 56^ C. The 6 c.c. of mixture is injected into 
the skin of the abdomen in two places and the same injections are rej^eated on 
three following days. 

Pormalinized virus which has been grown in tissue -culture can confer con- 
siderable immunity to mice, while after exposure to ultra-violet lig^t it is still 
antigenic. 

(7) The carbolized fixed virus is used at Kasauli and other stations in India. 
The whole brain is removed and a solution containing 1 per cent, of phenol 
in 0*85 per cent, salt solution is mixed and placed in a mortar in an incubator 
at 37° C. for twenty-four hours — sufficient to kill the virus. The suspension 
is stored at 0° C. while tests are being carried out, and is used as a vaccine after 
two to three weeks’ storage. 

Before inoculation the suspension is again diluted with an equal part of 0*85 
per cent, salt solution, so that it finally contains 0*5 per cent, brain substance. 
Each patient, however severely bitten, receives 4 c.c. of this suspension daily for 
a peri^ of fourteen days. 

Serum therapy, — Although, when it was first discovered that rabies serum 
was capable of destroying rabies virus in vitro, hopes were entertained of its 
beneficent action in man, results have been disappointing. 

The indications for the Pasteur treatment , — All persons who have been bitten 
by rabid animals, or who have had open wounds or scratches contaminated 
with the saliva of rabid animals, should receive the treatment. If, however, 
the suspected animal remains alive and wdl for ten d^ys after the bite, treatment 
may saiely be discontinued. In persons who have drunk the milk of Infected 
cows, the possibility of infection is very remote, as gastric juice destroys the virus. 
Everyone who has been bitten by animals |»esent^ symptoms of rabies should 
receive antirabic treatment, whether or not^ the suspicion is confirmed by 
histdogical examination, and pending the result of inoculation tests. Those 
persons who are bitten by animals which do not show any of Uie symptoms 
of rabies should not be exempt from the necesdty for treatment until the biting 
animal, which should be carefully confined and w^atched, is shown to be 
:&om the disease. It must be emphasized that histological examination is 
oondusive only when bodies are demonstrable in the oentral nervous system . 

The results of the Pasteur trmtmeni , — Even with the most careful assessment oi 
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the results of treatment, it is extremely difficult to determine exactly the mor- 
tality-rate after the bite of a rabid dog. In untreated persons the estimated 
mortality is about 14'8 per cent, in 122 persons (Doebert, 1909). In 1936, 
118,000 people received prophylactic inoculation. Figures published by the 
League of Nations show that from 1929-1935 only 0*4 per cent, of 524,258 people 
receiving antirabic treatment died from rabied. Though many were not bitten 
by rabid animals, nevertheless the impression remained that mortality would 
have been greater if they had not been so treated. As a general statement, it 
may be said that the total mortality of bitten persons subjected to antirabic 
inoculations is about 1 per cent., of whom half could not, on account of the short 
time permitted for the establishment of immunity, have been expected to live. 

Immunization of animals. — In South America, cattle in many areas are 
l>eing immunized prophylactically, while in certain towns dogs have b^n similarly 
treated. During the rabies outbreak in Singapore in 1937, arrangements were 
made to immunize the whole dog population, amounting to approximately 
13,000. A killed virus should preferably be used for animal immunization. 

Examination of suspected material for evidence of rabies.— The 
material generally (consists of the head of some animal, most frequently the 
dog, and should be wrap|)€»d in cloths soaked in bichloride of mercury or other 
germicidal solutions, while for miscroscopic examination material may be sent 
already fixed in weak alcohol. For inoculation, the medulla which has been 
immersed in glycerin is suitable. Sections give better results than smears, but 
naturally take longer to prepare. If grossly contaminated with bacteria, the 
tissues should be treated with ether in a concentration of 10 per cent., which does 
not destroy the virus when allowed to act for two hours at 4° C. 

In ortler to locate* the hipfxx^ampiis, or cornu Ammonis, the brain is placed 
upwards, with the teinjK)ral lol>e lifted outwards from the median line until 
the cornu comes into view as a long cylindrical whitish body tapering at its 
anterior end. Smears are made on slides or cover glasses by crushing a small 
section of brain matter between two of them and drawing out under gentle 
pressure to produa? a fairly thin film. After fixation they are stained in Unna’s 
polychrome methylene blue for three minutes and examined after differentiation 
in 95 |K‘r c?ent. alcohol. Negri bodies stained in this way take on a magenta 
colour. In recent years it has been suggested that the mesencephalon, or oculo- 
motor nucleus, is a more favourable site than the hip])ocampus. Morgan and 
McKinnon, however, found that in naturally infected dogs and donkeys, the 
hipfKK*ampu8 should be rt'garded as the site of election. 

Another technical method is subdural inoculation, wlxich is performed by a 
small trephine or jeweller’s drill, to effect an opening into the skull large enough 
to admit a needle. The mouse is more suitable than the rabbit or the guinea-pig. 
Negri bodies can be demonstrated in mouse brains eight to nine days after inocula- 
tion (Sulkin and Nagle). 

For the technique of removal of the spinal cord from rabid, rabbits and the 
methods of drying in vitro, more authoritative works must be consulted. The 
present dry method consists of cutting I cm. pieces of cords of rabbits killed 
each day after inoculation, up to the eighth day. These should then be placed 
in glycerin in a cold place, where they will retain their potency for several weeks. 
Material conserved in this way can be distributed from the laboratory. It is 
first cut into half-oentimetre pieces, each of which serves for one injection, when 
emulsified in 2| o.c. of salt solution. 
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DENGUE 

Ssmonyms. Dandy Fever ; Breakbone Fever ; Chapenonada 
(Philippines) ; Sellar Fever. 

Deflnitioii. — A specific fever conveyed by Aides ce^ypti, and, probably, 
other mosquitoes, occurring usually as a rapidly spreading epidemic. 
Throughout the febrile stages, and often subsequently, severe rheumatic- 
like pains are prominent. The disease in its active form lasts about a week, 
and is attended with little, if any, mortality. Severe cases may simulate 
yeUow fever. 

Geographical distribution. — Dengue has a wide distribution in the 
tropics and subtropics and is apt to occur in epidemics. It has appeared in 
Syria, Asia Minor, on the ^Egean shores of Greece and Turkey, in North 
Queensland, in Charleston and Philadelphia in the United States, as far 
south as 85o Paulo in Brazil, and throughout Central and South America. 
It is endemic in the West Indies, and in Fiji, Samoa, and other Pacific 
islands. An extensive epidemic occurred in Greece ; in Athens there were 
289,000 cases up to September, 1928. Dengue is distributed along the 
whole AMcan coastline on the west as far south as Loanda (Angola) and on 
the east to Durban. It is wddely distributed in India, Ceylon, Burma, 
Malaya, Cochin China, Southern China, Dutch East Indi^^ and the Philip- 
pines, Jfauritius and other islands in the Indian Ocean. It occurred in the 
United States in 1922-23 and then not imtil 1984. 

Epidemiology and endemiology. — The characteristic of den^ie fever 
is its tendency to recur at interv als of years, sometimes in pandemic weaves, 
during w^hich, it may be, three-fourths of the population are attacked. 
The epidemic may last for one season or may be spread over several years. 
Between them, sporadic cases occur, by means of which the virus is 
maintained and forms the nidus of infection for a new epidemic but, 
owing to their mild nature, they are frequently not recognized. In 
pandemic form the disease often appears at a considerable distance beyond 
its usual confines, and may even ascend mountains to a height of 6,000 
feet. The epidemiology appears to depend more upon conditions suited 
to the particular mosquito conveying the diseastf than upon those affecting 
man. Owning to the shortnm of the immunity produced, control of 
dengue requires reduction of the mosquito index to zt^ro. 

When dengue spreads beyond its ordinary tropical limits, as for example 
in the epidemics of Philadelphia and Asia Minor, extension occurs only 
dumg the hottest part of the year — in the late summer and early autumn. 
Epidemics occur generally after the rainy season and, in the Pacific 
Islands, and in the southern hemisphere generally, the disease appears to 
have a seasonal incidence during June, July, and August. 

It appears to prefer the coast-line, and the deltas and valleys of great 
rivem, to the interior of continents. The Grecian epidemic of 1928 was 
ascribed to the great increase of the population of Athens, and the establish- 
ment of a large non-immune community increased by a great influx of 
refugees. There were numerous breeding-places of mosquitoes in the 
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Piraeus and it was estimated that 90 per cent, of the population became 
infected. 

Etiology. — Graham, in Beirut, Syria, first suggested that the disease 
was transmitted by a mosquito (Ctdexfatigam), Later, Ashburn and Craig 
(1907) demonstrated that dengue is caused by a filterable virus which is not 
contagious, and that a true immunity to re-infection is developed in certain 
individuals. 

By a series of well-conceived experiments, Cleland, Bradley and 
MacDonald in Australia proved that the virus of dengue is conveyed by one 
species — Aedes cegypH (formerly Stegoinyia fasciafa), but not by Culex 
fati(jans. By subinoculation from one individual to another they trans- 
mitted th(^ disease for four generations, and showed that the virus is present 
in tht* blood from the second to the fourth day. Subsequent experiments 
by Siler confirmed this work. He found that the blood in dengue is 
infective to the mosquito from eighteen hours before onset to the end of 
the third day of the illness. A, (Bgypti does not become infective for 
eleven to fourteen days, but then nunains so for the rest of its life, but 
when the temperature is below 18® C. this does not occur. Passage of the 
virus through man to the mosquito fails either to attenuate or increase it. 
Simmons (1931) showed that Aides albopictus is probably the chief vector 
in the Philippines and probably also in Japan.' In Florida, it has been 
suggested on epidemiological grounds that Aides iceniorhijtichus may also 
transmit dengue. 

Blanc and Caminopetros studied the epidtuniology of dengue in Greece 
and Maccnlonia, and showed that in these countries its distribution and 
that of Aides cegifpH correspond, but in Australia the distribution t)f 
dengue is always rather less extensive than that of this species. Anidea 
has been fostered that some affinity between the vims of dengue and that 
of yellow fever might exist, but this received no ci)nfirmation from the 
work of Stefanopoulo and others who subjected the sera of several in- 
dividuals who had suffered from dengue to the yellow-fever mouse- 
protection test. Moreover, Dinger and Snijders fed mosquitoes (Aides 
albopictus) on dengue cases in Medan, Sumatra, and then dispatched them 
to Amstt^rdam, where they were re-fed on volunteers who subsequently 
developed dengue. It was thereby proved that the same vims in the 
same batch of mosquitoes reproduced different types of fever in different 
individuals. One might show the typical saddle-back temperature curve ; 
another, continuous fever lasting seven days. From this they concluded 
that the five-day fever of Scheer and the seven-day of Rogers are not 
distinct diseases, as had been supposed. 

Manoussakis has shown that the dengue vims can be transmitted almost 
indefinitely from one voluntet^r to another without alteration in vimlenoe, 
and in each the incubation period was five to seven days. Twenty-five 
c.c. of blood was taken from a dengue case in the first twenty-four hours 
of the disease, placed in 200 c.c. of normal saline, sealed and placed in the 
incubator ; after six days* incubation 6 c.c. of the supernatant fluid, 
injected subcutaneously into volunteers, gave rise to dengue. The vims 
can be dried and frozen without losing its vimlence. This was shown by 
Hoffmsmn, Mertens and Snijders, who transported dried semm from 

* Kolmunl (1917) aimI ooUeaguM cliiiiaed to have trauiitiitted deutme by the bite of Oewouim oMi«r6o«M, 
» domefUc nwiqtuto, la J«pa», In Kew Oulnea sevuUarii (ue p. 976) a the sole vector. 
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Java to Amsterdam and subsequently inoculated volunteers, reproducing 
typical fever 285 days after it had been abstracted. 

The disease can be transmitted from man to various species of monkey : 
Macaca mulaitay M. phUippensis, M.funicatus, In M. muJxitta there is, as 
a rule, a leucopenia with reduction in the number of polymorphonuclear 
leucocytes. Though the virus is present in the blood the disease cannot 
be transmitted from monkey to monkey. Mice are not susceptible to 
inoculation. The so-called cattle dengue, sometimes termed three-day or 
ephemeral fever, though also due to a virus, has no relation to human 
dengue. 

According to Pandit and Shortt, dengue virus has bwn cultivated iu 
India on the chorio-allantoic membrane of thi* chick. By these means it 
was foimd that the virus persists iu the blood for seven days. During 
convalescence immune bodies can also be demonstrated by this method. 

Pathology. — On account of the low mortality, post-mortem records 
are few. In the autopsies recorded, localized pulmonary and intracranial 
inflammation and general lymphadenitis were the special features. Serous 
effusions in the neighbourhood of joints and inflammation of the crucial 
ligament of the knee have been noted, while myocarditis, nephritic lesions 
with degeneration of the cells of the convoluted tubules, and a sptH'ific 
encephalitis with leucocytic blocking of some of the cerebral capillaries, 
have also been recorded. 

S3mfiptom8. — The inmbaiion period of the naturally acquired fever 
seems to be somewhat variable, generally from five to nine days, though 
sometimes it appears to be shorter. The course of the disease may be 
divided into three periods : stage of invasion, lasting tw'o to thret* days ; 
stage of remission, lasting twelve hours to three days ; terminal fever and 
eruption. 

Stage of invasion. — An attack of dengue may be pnxjeded for a few hours 
by a feeling of malaise or, perhaps, by painful rheumatic-like twingcis in a 
limb, toe, finger or joint, which, when confined U) the knee-joint, are 
excruciating. Usually it sets in quite suddently. Sometimes the fever is 
ushered in by a feeling of chilliness or even by a smart rigi>r ; sometimes a 
deep flushing of the face is the first sign. However introduced, the fever 
rapidly increases. The head and eyeballs ache excessively, and some 
particular limb or joint, or even the whole body, is racked with pcKJuliar 
stiff, rheumatic-like pains, which, as the patient soon discovers, are much 
aggravated by movement. The loins are the seat of great discomfort, 
amounting in some cases to actual pain ; the face — particularly the lower 
part of the forehead, round the eyes, and over the malar bones — may 
become suffused a deep purple ; and often the skin over a part or the 
whole of the body, and all visible mucous surfaces, are more or less flushed. 
The mouth and throat are usually sore from congestion and perhaps from 
small sup^cial erosions. The eyes are usually much injected. This 
ccmgested, hypersensitive and erythematous state of the skin constitute 
the so-ealled prodromal eruption. There may be a tache cir&nrale. 

Tbe oefebro-8|flnal fluid is under |»essure ; tbefe is some increase in the 
albumin and a oonsideiiable increase in sugar, but no increase in the cliloridas 
and no marked cdlolar reaction. This hypwtenskm is j^bably the cause of the 
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severe headache, stiifness of neck, pain, in the back and bradycardia which 
supervene in the stage of reaction. 

These symptoms becoming in severe cases intensified, the patient, in a 
few hours, is completely prostrated. His pulse rises to 120 or more ; his 
temperature to 108° P. (Chart 20), in some cases to 105°, even to 106 F°. 
He is unable to move owing to intense headache, severe pain in limbs and 
loins, and profound sense of febrile prostration. From time to time the 
skin may be moistened by an abortive perspiration, but for the most part 
it is hot and dry. Gastric oppression is apt to be urgent, and vomiting 
may occur. Gradually the tongue acquires a moist, creamy fur, which, 
as the fever progresses, tends to become dry and yellow. In this condition 
the patient may continue for from one to three or four days, the fever 
declining somewhat after the first day. 

In a proportion of cases, and particularly in certain epidemics, crisis 
dcM^s not occur, the fever slowly 
declining during a period of three 
or four days. In some epidemics 
enlargement of the lymph glands, 
particularly of the cervical group, 
lias been noted, especially by Helser 
(1987), and more recently by Find- 
lay and Brookfield (1948) in Nigeria. 

In one epidemic in St. Thomas in 
the Virgin Islands adenitis was 
recorded in 62*5 per cent. 

i<tage of remission . — When the 
second stage is established and the 
thennomt'ter has sunk to normal, 
the patient is sufficiently well to 
leave his bed and even to attend to 
business. The tongue clears, and 
the appetite and sense of well-being retuni to some extent. 

Terminal fever and eruption . — The state of comparatively good health 
continues to the fourth, fifth, sixth or even to the seventh day, counting 
from the onset. Then there is generally a return of fever, slight in most 
cases, more severe in others. With the recurrence of the fever a rubeolar 
eruption, consisting of dark, dusky spots, appears. The pains likewise 
rt'turn, perhaps in more than their original severity. Though the fever 
subsides in a few hours, the eruption, at times very evanescent, may be 
apparent for two or three days longer, to be followed very frequently by 
an imperfect furfuraceous desquamation. 

Characters of the eruption . — The terminal rash of dengue possesses very 
definite characters. It is absent in a very few cases, but in many, being 
Blight, it is overlooked. Usually it commences on the palms and backs of 
the hands, extending for a short distance up the forearms. It quickly 
extends, and is best seen on the back, chest, upper arms (Plate VII, Pig. 2), 
and thighs. Here it appears at first as isolated, slightly elevated, circular, 
reddish-brown, rubeoloid spots, | to in. in diameter, thickly scattered over 
the surface, each ^ing isolated and surrounded by sound skin. There 
25 



Chart 20. — Dengue. (After Cleland and 
Bradley.) 
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may be a general coaleBcence, isolating here and there patches of sound 
skin ; in tins case the islands of sound skin give rise, at first sight, to the 
impression that they constitute the rash — a pale eruption, as it were, on a 
scarlet ground, giving an appearance ** midway between scarlet fever and 
measles/' The spots disappear on pressure, and never, or rarely, become 
petechial. Usually the face escapes. They fade in the order in which 
they appear — first on the wrist and hands ; then on the thighs and body ; 
lastly, on the legs and feet, but they may still be visible three weeks after 
recovery from fever. Desquamation may persist for two or thrw weeks. 
In many it is trifling ; for the most part it is furfuraceous. 

At this stage the characteristic slowing of the pulse, which may fall as 
low as 44 per minute, and leucopeiiia, w'hich may reach 1,200 leucocytes, 
are noted ; the latter is mostly due to a marked decrease of the p(4ymor- 
phonuclear cells, which may be reduced to 40 per cent., and to a relative 
increase of the lymphocytes (up to 53 per cent.). 

Eheumatoid pains persist for some time afUjr convalescence has been 
established. They are usually worse on getting out of bed and on moving 
the affected part after it has been at rest for some time, and are somewhat 
relieved by rest and vrarmth. In some cases a periarthritis of the knee- 
or ankle-joint supervenes and may cause considerable disablement, which 
does not clear up for months or years. Dengue pains persist in the small 
muscles of the hands and soles of the feet, probably located to the deep 
fascia. They eventually wear off. Complications are few. Albuminuria, 
parotitis, orchitis, herpes labialis and epistaxis have been rec4)rded. 

Convalescence may be much delayed by anorexia, general debility, 
mental depression, sleeplessness, evanescent feverish attacks, boils and 
urticarial, lichenoid and papular eruptions. 

In Europeans an attack of dengue very often leads to a condition of 
debility, necessitating temporary change of climate, or even return to 
Europe. 

Variability of epidemic type.^ — Judging from the published descriptions, 
there is considerable variety in the symptoms of tliis disease in different 
places and in different epidemics. Some authors mention swelling and 
redness of one or more joints as a common and prominent symptom ; 
others refer to metastases of the pains, enlargement of submaxillary glands, 
general adenitis, mental depression, hfieinorrhages, and so forth. However 
this may be, the essential symptoms in well-mark^Hi cases are the same 
practically everywhere and in all epidemics, vu5., suddenness of the rise 
of temperature, an initial stage of skin congestion, limb and joint pains, 
and a terminal rubeoloid eruption. In a sadden outbreak in New Caledonia 
Mayrac recognized the foUowing types : 

(1) a simple febrile type with an urticarial rash ; 

(2) nervous type wirii intensive headache ; 

(8) gastro-intestinal t^rpe ; 

(4) a type in which jomt pains were the main feature. 

> Screml Invertlgalow, notublj Flmlligr and BfookfleW, tlrfiik that thtm am variatica of the denm 
▼iitia,t«ttliemairemlHt]eeidcletioetoait|»Kittthiaiii^^ i'tmrreamof theCXfittotaalMprah^ 

obwnratoiif fn 1,000 amm at Raauak and lu N. India dMerlbail *‘«nnaf 
ahaenoe of maflcad mah. Ttm waa no tioflrfhiia/ of 
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In the Athens epidemic, some of the following clinical manifestations 
were noted : gastro-intestinal disturbance, vomitings epigastric pain, 
hiccough, hesmorrhage into skin and mucosa, and complications such as 
parotitis, otitis, furunculosis and broncho-pneumonia. In some acute 
cases with early and severe gastro-intestinal phenomena, bleeding from the 
gums and haematemesis were seen. Encephalitic symptoms have also 
been described. The spleen and liver are not enlarged. 

Relapses are not uncommon in dengue, and second and even third attacks 
during the same epidemic have been recorded. As a rule, however, sus- 
ceptibility is exhausted by one attack. 

Immunity. — Schule pointed out that certain of his volunteer American 
soldiers i)roved remarkably n^istant to experimental inoculation with the 
dengue virus, and these were individuals who had been resident for some 
time in an epidemic area of the disease. Probably, immunity is due to 
previous nuld attacks. The immunity in dengue does not last more than 
six months ; it thus differs from that of yellow fever, which is life-long. 

Mortality. — In uncomplicated dengue the mortality may be said to be 
almost nil (01 per cent.. Hare). During the 1928 epidemic in Greece 
Cardarnitis gave the mortality-rate as 1 in 61,000. 

Diagnosis. — Dengue must not be confounded with yellow fever. Rift 
Valley fever, rotheln. scarlatina, moiisles, syphilitic roseola, influenza, 
cerehro-spinal meningitis, typhus, hiemorrh’igic smallpox, enteric,f)hlel)oto- 
mus lever, seven-day fever (lepto8pin>si8), rheumatic or malarial fever. A 
knowledge of the distinctive features of these diseases, and the fact that 
dengue is attended with a rash and with articular pains, and that it occurs 
in gn*at and rapidly spreading epidemics, should prevent any serious error. 

Treatment. - Wen' it possible to secure perfect isolation and immunity 
from mosquito-bite for the individual during an epidemic of dengue, doubt- 
less he would escape the disease. Even comparative isolation is attended 
with diminished liability. 

Like the allied fevers, dengue runs a definite course ; therefore it is 
usek'ss to attempt to cut it short. The patient should go to bed as soon as 
he feels ill, and should ket'p his nH)ni until the terminal eniption has quite 
disappeared and he feels well again. Ten days is not too long to allow in 
severe attacks. As in influenza, light liquid diet, rest, and the avoidance of 
chill conduce powerfully to a speedy and sound convalescence. At the out- 
set of the fever some saline diaphoretic mixture, with aconite, may be 
prescribfHi with advantage. If the pains be severe and th^ fever high, 
antipyrin, pbenaeetin, belladonna, or vinum colchici (15 min. t.d.s.) give 
great relief. Cold applications to the head are comforting. If the tempera- 
ture rises to 105® F. or over, cold sponging or the cold bath ought to be used. 
If the pains continue very distressing, a h 3 rpodermic injection of a minute 
dose (t^(jgr.) of morphia will afford welcome relief and do no harm. Purga- 
tive's and emetics should be avoided unless pronounced constipation, or a 
liistory of surfeit, urgently demands their exhibition. The pain caused by 
thw muscular movements entailed by purgatives more than counterbalances 
any advantage. In the Athens outbreak, urotropine in full doses was given 
in the early stages and, if pains were severe, aspirin, pyramidon and caffeine. 
For cerebral symptoms, which in some patients might be an important 
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feature, bromides and strophanthus are indicated. Alcoiiol in the early 
stage is not advisable. Freshly-made lemonade, or iced water, will be 
acceptable during the fever. 

For the pains experienced during convalescence, rubbing with opium or 
belladonna liniment, gentle massage, electricity, salicylates, and small doses 
of iodide of potassium have been advocated. Debility or anorexia indicate 
tonics, such as quinine, strychnine, mineral acids or vegetable bitters and 
change of air. 

Prophylaxis is the same as for yellow fever and for other mosquito- 
borne diseases, and is directed against infected mosquitoes. 

Prophylactic inoculalion. — St. John and Holt attempted to produce a 
dengue vaccine. Vaccine made from the liver and spleen of dengue- 
infected monkeys did not protect volunteers from an attack ; but there 
was evidence that the disease was mitigated in the inoculated. 



CHAPTER XXI 

PHLEBOTOMUS FEVER 

S^onyms. Papataci Fever ; Three-day Fever ; Sandfly Fever, “ Dog 
Disease,” “ Hundfieber.” < 

Definition. — A specific fever of short duration and no mortality caused 
by a virus introduced by the bite of a sandfly {Pldebotomus), 

History. — This disease has been recognized clinically for upwards of a century, 
and described under a variety of local names ; but its definite relation \o its 
transmitting agent, although suspected by McCarrison in Chitral in 1903, was not 
established until 1 908, when Doerr published his observations, since confirmed by 
Kilroy, on the infectivity of the blood in this form of fever and the role of the 
sandfiy as transmitter. Whittingham described the various stages in the life« 
history of the phlcbotomus, and succeeded in rearing these insects in captivity. 

Geographical and seasonal distribution. — The range of phleboto- 
mus fever is probably co-extensive with that of the insect transmitter. In 
the tropics it may break out at any time as an epidemic amongst new 
arrivals ; in the subtropics it occurs only or principally during the summer 
and early autumn, though in Palestine and Syria spring and autumn 
outbreaks occur. Natives of the endemic area appear to be immune. 
WTiere the phlebotomus is absent, e.g. Bermuda, this fever is not found. 
In some phlelmtomus-haunted places as many as 75 per cent, of new-comers 
are attacked. This fever was much in evidence during the 1914-1918 war 
in (iallipoli, Salonika, the ^igean Islands, Epy^pt, Palestine, Syria, Iraq, 
luui India, but there is no record of it amo!ig troops in East Africa. Widely 
distributed in Africa and Asia, sandfiy fever is found in the Caucasus, 
Chitral, and the Himalayas, up to a height of 4,000 feet. In the New World 
it has recently bt^en found in Northern Argentina and in Northeni Brazil. 

iEtiology. — The virus resides in the patient’s blood during the first 
two days of the fever. It is ultramicroscopic, passing through filters which 
arrest Brucella vielilen^. According to Doerr, the virus may be transmitted 
hereditarily through the egg and larva of phlebotomus to the imago, but 
this has not been firmly established. A short sharp fever has been pro- 
duced in monkeys after intravenous injwtion of sandfiy-fever blood. In 
Egypt, it is said, a similar fever exists in cattle, but it is doubtful whether 
this, also called cattle dengue, has any relation to sandfly fever. Little 
is yet known of the physical properties of the virus. According to \Miit- 
tinghatn, it may survive the winter, either free in the soil or within the 
bodies of phlebotomus larvte which inhabit such sites as moist soil and 
porous walls. The larva is thought to extract the virus in feeding upon 
the faeces of the adult fly ; but Moshkovsky and his colleagues in Moscow 
showed that it may be transmitUMi by the female phlebotomus to the egg 
and so to the larva. ' This is the only instance in which an animal virus 
has been transmitted hereditarily by an insect vector, but may be an 
important epidemiological consideration and may explain the suddenness 
and extent of outbreaks of sandfly-fever on the Indian frontier in the spring. 
In one case, infection followed the bites of recently hatched female sandflies, 
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thus disproving the supposition that the virus is transmitted only after 
the sandfly has already digested a meal of blood. 

Shortt, Poole and Stephens showed that, as with dengue, the sandfly- 
fever virus can pass through and Chamberland filters, and that it 
is present in the highest concentration in the blood during the first and 
second day of the disease. They proved that it can sunave outside the 
body for sixty hours. Shortt, Pandit, Anderson and Rao cultured the 
virus on the chorio-allantoic membrane of the chick embryo ; by sub- 
sequent inoculation it could be demonstrated* in monkeys for an averse 
of 11 days, and subsequently immune bodies up to 69 days. According 
to Russian workers (Demina) the virus causes a proliferation necrosis of 
the chorio-allantois. It can be inactivated by treatment with commercial 
formalin, 1 in 1000, and it can be dried and preserved in a vacuum desiccator 
for eight months. 

In cases of fever and in convalescents the presence of the virus in the 
blood can be demonstrated by egg-culture up to three or four wt^eks 
from the onset of fever. 

Representatives of the genus Fhlebotomus are to be found in most tropical 
and subtropical countries. The various species are usually designated “ sand- 
flies.” They are exceedingly minute, very delicate, greyish, or brownish, somewhat 
slenderly- built insects that bite principally during the ni^ht and that can pass 
easily through the meshes of an ordinary mosquito-net. The powers of flight 
are feeble ; more usually the insects progress by a series of short skills. 

P. papalasii, the species on wliich Doerr's observations were made (hence one 
of the names for the disease, papataci fever), lays about forty eggs, selecting for 
the purpose damp localities such as the walls of cellars, of latrines, cesspools, 
crevices in walls, caves, and embankments. The cycle of egg, larva and imago 
takes al>out one month in warm and upwards of two months in cooler weather 
(see pp. 951-952). It has not been determined which of the many species of 
phlebotomus, other than P. papeUasii, conveys this fe\er. The insect can 
transmit the infection after an incubation period of six days. 

Pathology. — Dengue and phlebotomus fever have several important points 
in common, a circumstance suggesting the possibility of a common or, at all 
events, a similar origin. Each is transmitted by an insect ; the viruses occur 
in the blood-stream and are filterable ; they arc diseases of warm climates only ; 
and clinically, they are characterized by a short incubation period and a brief and 
rapidly developed fever which is usually associated with relatively slow pulse 
and leucopenia. and relative decrease of the polynuclears. There is no evidence 
that these diseases are mutually protective. The post-mortem appearances of 
sandfly fever are unknown. 

Symptoms. — The bites of the sandfly occasion a considerable amount of 
irritation, resulting in hyperaemia and even in cedetna. After an incubation 
period of from four to seven days, with or without a prodromal stage, the 
fever is ushered in suddenly by slight or more severe rigor, and may reach 
105® F. The face becomes flushed and swollen, frontal headache is 
intense, and there is usually severe general aching and stiffness in the 
back of the neck. Pain at the back of the eyes, accentuated by pressure 
on the globes or by the least movement of the bead, is characteristic. 
Supraorbital headache is also quite common. There are influenasal pains 
in the back and legs and general stiffness of the muscles. More rarely the 
pain is referred to the epigastrium. A sense of band-like constnotion 
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round the lower part of the thorax is sometimes so prominent as to resemble 
epidemic pleurodynia, or Bornholm disease. The patient is drowsy, but 
suffers from insomnia. The conjunctivse are so injected that the eyes have 
been compared to those of a mastiff. The tongue has a central fur. The 
fauces and palate are often congested, and are studded with small vesicles ; 
it has been remarked that they are devoid of any surrounding mucosal 
inflammation. The vesicles are not strictly peculiar to sandfly fever as 
they have also been noted in infective hepatitis. In from twenty-four to 
thirty-six hours the temperature has reached 108-104° F. (Chart 21), 
It keeps about this point for a day longer, and then begins to fall, with 



Pulse 


Chart 21.— Phkbotoniiif fever showing; prodromal period, typical 
attack, recrudescence and bradycardia. {Lambert^ Jl. Roy. Xav. 

Med. Ser.) 

(»r without epistaxis, vomiting, swmting and diarrhoea, reaching the 
nonnal about the end of the third or beginning of the fourth day. The 
patient continues debilitated, especially mentally, for a wtH^k or two longer. 
According to LamlK^rt, the name “ three-day fever,” applied to the disease, 
is misleading, since the pyrexial period may occasionally vary from two 
to eight days. In some cases there are several days of apyrexia followed 
by a secondary rise of temperature lasting a day or two. 

The blood-picture shows a slight leucopenia, without serious alteration 
in the proportion of mononuclears, especially from the second to fourth 
day, after which there is a leucocytosis of 16,000-20.000. The pulse-rate 
is relatively slow. Relative bradycardia is noticeable by the second day 
of the disease, as soon as the patient complains of headache, and is possibly 
due to increased pressure of the oerebro-spinal fluid. An absolute brady- 
cardia is noted at the end of the fever. 
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Le Gac and Albrand first recorded that the cerebro-spinal fluid is under 
increased pressure and shows from 10 to 110 lymphocytes per cu.mm. 
Albumin is alwa 3 r 8 increased and the chlorides slightly decreased. These 
findings have been amply confirmed. 

Shee (1942) described var 3 ring degrees of choking of the optic disc, 
ranging from blurring of the edges to papilloedema. This was seen in the 
early stages, but in severe cases was visible at the crisis. 

No serious complications occur, but in some years diarrhoea, in others 
pharyngitis, are features of the disease. Constipation, vomiting and 
stiffness of the muscles at the back of the neck are not uncommon. Second 
attacks are by no means rare, but are milder, and third and fourth attacks 
have been recorded. Shortt proved that immunity may sometimes 
persist for one year after an attack. On the whole, children suffer less 
severely than adults. 

Pearson (1941) drew attention to the similarity of benign lymphocytic 
meningitis and sandfly fever. There seemed to be in Palestine some 
connection between the incidence curve of the tivo. The cardinal signs of 
sandfly fever — frontal headache, orbital pain, photophobia, pains in the 
back, fever and conjunctival congestion — are duplicated in Ix^nign 
lymphocytic meningitis. The debility which ensues in some individuals is 
quite out of proportion to the intensity and duration of the initial attack. 
Acute synovitis as a complication has been observed in Iraq during the 
present war. The mortality is nil. 

Attention has quite recently been drawn to a dermatitis, known as ** Harara 
(t.e. heat), which is common in Anatolia, Syria and Palestine during the sandfly 
season, and is a reaction due to their bites. 

Dia^oais. — It is extremely difficult in the (>urly stages to distinguish 
this fever on clinical grounds from malaria (especially subtertian), from 
paratyphoid, dengue, typhus and influenza. In typhus the gr<>ater 
hebetude, and in influenza the respirator}' caUirrh, must hii taken into 
consideration. 

Treatment. — The most valuable drug in the treatment of sandfly fever 
is opium ; 80 drops of the liquor opii sedativus may be given at the onset. 
It greatly relieves the he^adache. Quinine is useless. Tincture of iodine 
should be applied to the bite. The headache has been relieved by lumbar 
puncture. Whenever possible, patients should be nursed under sandfly nets. 

Prophylaxis. — As phlebotomu.s fever appears to be a disease of ’ locality, 
houses and places believed to be infected should be avoided and, where 
possible, disinfected. 

To diminish the local sandfly pest, all rubbish should be burned or other- 
wise got rid of, ruinous walls demolished, cracks in walls filled in with tar 
or mortar, latrines smoked with sulphur fumes and put into sanitary 
condition, and dark damp places dried, whitewashed, and ventilated. 
No gwdens or cultivated ground should l>e permitted in the imm^iate 
vicinity of buildings. Creepers should not be allowed to grow on barrack 
walls. Benzene polychlorines, widely used in agriculture, are useful for 
destruction of sandfly larvm, and are applied in solution in the strength 
oi 75 C.C. to every square metre. The adult flies can be killed in numbers 
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by “ swatting/’ By these and similar measures much can be done to 
control the infection. Unfortunately, a net having a mesh sufficiently 
small (i.e., 45 holes to the inch) to keep out sandflies is intolerable to a 
white man in a hot climate. As the phlebotomus does not fly higher 
than 10 ft., removal to an upper story is a very effectual preventive 
measure. Flytox and Flit are the best sprays for destroying adult sand- 
flies. Special staffs are necessary for the daily destruction of these insects 
in dwellings. Special apparatus is used and a flush of fluid is directed 
against the sandflies sitting on the walls or in corners. In hospitals in an 
endemic area every ward and annexe, including latrines, should be treated 
with Flit three times daily. 

Repellents, as in malaria, have been employed, especially methyl 
phthalate. 

Choyce recommended, as a general prophylactic measure, 5 per cent, 
thymol made up with firm wax into a candle and rubbed into the skin, 
where it forms an oleaginous covering. 

To reduce the incidence of sandfly-bites general measures should be 
instituted. Shorts should not be worn after sundown, wrists and ankles 
should be smeared either with thymol ointment, or with “ vermijelli,’' or 
oil of citronella. Wellington bo(»ts afford a g(K)d protection to legs and 
ankles after dusk. During the present war in the Middle East, it has 
been found that blackout conditions increase the liability to sandfly-bites, 
because men prefer to sit cmtside, rather than in tents or huts. 

Air-currents havt* a marked effect on sandflies, and Whittingham 
showed that the most efft*ctive w^ay of ridding quarters of these pc'sts is 
to create a strong current by electric fans. 

Shortt and his colleagues used the cultural virus as a vaccine. In 
inoculated volunteers immune bodies in the serum were subsequently 
demonstratiKl. 
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THE POCK DISEASES 

At the preeent time classical smallpox is largely restricted to tropical and 
subtropical countries, where the preventive measures responsible for the 
decline of this disease in temperate climates are more difficult to enforce. 
In British India, for example, the number of cases of variola reported 
during the year 1938 was 82,640, with a mortality of 27 per cent. During 
the same period there were severe outbreaks in China (Hong Kong and 
Shanghai) and in Nigeria ; and a mild form of the disease with no fatalities 
was prevalent in the southern states of the United States. 

During the last few years much has been learnt about the nature and 
properties of the causal agents of the pock diseases. The greater part of 
this work has been carried out with vaccinia, and it is therefore necessary 
to define at the outset the relationship between this virus and variola. 
That smallpox and all the animal pock diseases are closely related is certain. 
Yaccinia may be regarded as the virus in its original form from which the 
more complex viruses, including human variola, tove evolved and to which 
they revert when passed through the cow or calf. Variola virus has also 
been converted into an attenuated form by inoculating human infective 
material into monkeys and then inoculating filtrates obtained from the 
monkey lesions intratesticularly into rabbits. After a number of passages 
in the rabbit testis the virus is able to produce a confluent eruption when 
nibbed into the freshly-shaved skin of these animals. This strain of virus 
is indistinguishable from the classical strains of vaccinia which were 
obtained by passage of human smallpox through calves or naturally 
occurring wwpox. The transition from variola to vaccinia is, fortunately, 
not reversible, so that once a strain of virus has been adapted to the calf 
or sheep it can be inoculated into man, producing in him a mild illness 
which renders him subsequently immune to the virulent form — smallpox. 
On rare occasions vaccination gives rise to a generalized papular or vesicular 
eruption with severe constitutional symptoms which may terminate fatally. 
This condition is believed to be due to an abnormal susceptibility to 
vaccinia, and not to an increase in virulence of the virus. 

Natnre and properties of the causal a^ent. — The infective agent 
of yaccima is a spherical body, measuring about 0*17 /j. in diameter, to 
which the noncommittal term ** elementary body is applied pending the 
settlement by further research of the much-(lisputed question whether 
viruses should be regarded as micro-otganistns or macro-molecules. These 
bodies were first seen and described in 1887 by Dr. John Buist of Edinbui^jh, 
who found them in the vesicle fluid of smallpox and vaccinia. In 1906 they 
were r^iscoyered by Pascfaen and are frequently referred to as “ Paschen 
bodies.** It is only during the last few years, however, that Uie bodies have 
been proved to be the causal agents. Methods have now been evolved of 
preparing pure suspensions of t^ elementary bodies from the skin lesions 
produced m rabbits and sheep by spedally-selected strains of vaccinia 
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virus. These pure suspensione have been employed in recent studies of the 
physical, chemical and biological properties of the virus, and they are also 
being used experimentally in place of crude lymph for prophylactic im- 
munization against smallpox. Chemical analysis has shown that the 
elementary body is composed mainly of nucleo-protein together with a 
carbohydrate and a lipoid fraction. Highly-purified suspensions of the 
elementary bodies contain phosphatase and catalase, and these enzymes 
are believed to be inherent in the virus ; no dehydrogenase activity has 
been demonstrated. Sedimentation photographs of elementary body 
suspensions, obtained with the Svedberg centrifuge, show fairly well-defined 
boundaries, indicating that the variation in size of the particles is very small. 
The bodies have an unusually high charge and electrophoretic mobility ; 
they are also exceptionally sensitive to flocculation by salts. Although 
their size is below the limit of optical resolution for visible light, they can 
readily be seen with the dark -ground microscope. 

AMien inoculati^d by inunction into the skin, the elementary bodies 
penetrate the cytoplasm of the epidenual cells and there proceed to increase 
in number, thus producing, perhaps with the addition of material derived 
from the infected cell, the so-C4tlIed acidophil inclusion body which was 
described long ago by Ouamieri. The virus within the cells causes them 
to irjcrease in size and also to proliferate freely. This increase in thickness of 
the epidermis, together with cedema and hyperaiinia of the subjacent 
dermis, is responsible for the papule. Later, the cells forming the centre of 
the papule degenerate and liquefy, thus producing the characteristic 
vesicle, in the fluid contents of which the elementary bodies are found in 
enormous numljers. The vesicle is rapidly converted into a pustule by the 
immigration of inflammatory cells, mainly polymorphonuclears, derived 
from the dermis. The fluid provides an excellent culture medium for 
staphylococci and other organisms, and the leucoyctic res|K)n8e is largely 
due to this secondary infection. In non-fatal cases the crusts or scabs, 
which separate after the pustule has dried, contain active virus. The high 
infectivity of smallpox, however, is probably not due to dissemination of 
the crusts but to U^sions present in the mouth, throat and lungs. The 
expired air of patients suffering from variola has been shown experimentally 
to contaiji elementary bodies. The air in the vicinity of the patient thus 
kMwrnes charged with microscopic droplets of water which he has exlialed. 
These droplets evaporate, leaving the elementary bodies suspended in the 
air where, being so minute, they may remain for long periods. A susceptible 
person breathi^ such contaminated air becomes readily inf^ted. Contact 
with fomites is undoubtedly responsible for some infections, but the 
epidemiological characters of the disease can only be fully explained by the 
assumption that the virus is air-bome. 

Vaccinia and variola, in common with other viruses, cannot be cultivated 
in the absence of living susceptible cells. The virus can be grown readily in 
tissue cultures of rabbit t^estis or comeal epithelium, and proliferation also 
takes place in a fluid medium consisting of rabbit serum and Tyrode's 
solution to which small amounts of minced rabbit kidney or testis have 
been added. Vaccinia also grows without difficulty when implanted on the 
chorio-allantoic membrane of the developing chick embryo. Both these 
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methods have been used successfully to procure a supply of bacteria-free 
virus material for prophylactic immunization. This culture virus may be 
inoculated by scarification in the usual way, or it may be injected intra- 
cutaneously. The latter method has the advantage of leaving no scar, but 
since a vaccination scar is the one infallible sign that a person has been 
immunized against smallpox, it would increase the difficulties of controlling 
an epidemic, especially among coloured races. There is evidence that 
strains which have been grown in vitro, or on the egg membrane for a long 
time, become attenuated so that they may fail to induce a good immunity 
when inoculated into man. Generalized vaccinia has been known to occur 
as the result of vaccination with virus grown on the chick embryo. 

Lat>oratory diagnosis. — Elementary bodies can readily be demon- 
stratedin the vesicle fluid by the dark-ground microscope. ♦The technique 
is the same as that for the detection of spirochtetes. Permanent prepara- 
tions are best prepared by using Gutstein’s method : 

Solutions needed. — (a) 1 per cent, methyl violet in distilled water. 

(h) 2 per cent. NaHCOj. 

Technique . — A drop of the vesicle fluid is spread on a perfectly clean 
microscopic slide as for a blood film. Films are dried in the air, or in an 
incubator, and rinsed in physiological saline and then with distilU^d water. 
When dried, the film is fixed in methyl alcohol (or ethyl alcohol) for half an 
hour or more and the slide put in a dry Petri dish. P>qual parts of solutions (a) 
and (b) are mixed in a test tube, filtered at once on to a slide, cov(*rt*d with 
a lid and incubated at 37° C. for twenty to thirty minutes. Rinsed in 
distilled water, they are dried and mounted in cedarwood oil or liquid 
paraffin. The elementary bodies are stained distinctly and intenwdy a light 
violet colour. 

Finding elementary bodies in the vesicle fluid is of no value in differentiat- 
ing smallpox from varicella since the infective agent of the latter disease 
al^ takes the form of elementary bodies and the two viruses are indistin- 
guishable under the microscope. 

The best-known method for the serological diagnosis of smallpox is that 
of Gordon, Craigie and Tulloch. The pocks are lightly scraped with a 
scalpel and the material so obtained is suspendc^i in saline. The suspension 
is clarified by li^t centrifugation and then mixed with a series of dilutions 
of rabbit anti- vaccinial serum. The tubes are mcubated at 87® C. A positive 
reacticm is marked by the appearance of a finely-floccular precipitate. The 
i®W5ti(m fe specific for variola and vaccinia ; it is probably a mixed 
precipitation and agglutination. Diagnosis may also be made by the 
complement-fixation twt, using a suspension of the crusts as antigen. 

The serum of a patient who is recovering from an attack of smallpox 
contains agghitinins which react sp^ifically with variola elementary bodies. 
These antibodies are not present in detectable amounts until the second 
week of tto disease, and the reaction is therefore of little diagnostic value. 

Serological methods have so far failed to discover any antigenic difference 
betweeii variola majcw and variola minor. It is thus evident that ttie 
diagnosis of smaUpox most be made mainly by clinical methods but that 
labmtoiy tests may be of use m doubtfiil cases. 

♦ y«ii 11^ obiwrriaiott ttua Urn tMidlii of 

» of and 4 amuititr^ 
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A Note on the Treatment of Variola 

The mortality from smallpox, excluding the severe toxic and haemorr- 
hagic forms of the disease, is largely due to secondary pyogenic infection of 
the respiratory tract. Energetic measures to combat this secondary in- 
fection should be commenced at an early stage. The sulphonamides are 
highly-eflf^ective chemotherapeutic agents against streptococcal infections, 
and this fonn of treatment has proved of great value in smallpox. The 
use of sulphonamides, however, is not without danger on account of their 
toxic properties, and administration to patients who are already seriously 
ill would have to be undertaken with caution. Clinical reports on the value 
of the drugs in the treatment of smallpox are, in a limited number of cases, 
favourable. Drug treatment should possibly be combined with the injec- 
tion of large doses of concentrated multivalent antistreptococcal serum. 

The treatment of smallpox by potent antivaccinial serum has as yet not 
received the attention which it appears to deserve. Such treatment would 
need to be given early, since the secondary fever and its attendant dangers 
would obviously not l)e influenced by it. Antivaccinial senim of high 
jK>tency can b<» prepared by immunization of the horse, and it can be con- 
centrated by the usual methods of senim-protein fractionation. 

ALASTRIM 

S3rnonyfn8. — Amaas; Kaflir milkpox ; West Indian modified smal4)ox; 
parasmallpox ; variola minor. 

Definition. — This disease has been noted by many writers, in the West 
Indic*s and South Africa. 

The name is derived from the Spanish alaster, meaning to scatter or strew 
over (rt'ferring to the distribution of the rash). It is a disease of little or no 
mortality, and resembles smallpox in its mitigated form. Indeed, the 
individual case of this disease is clinically identical with a mild case of 
smallpox ; they can only be distinguished one from the other in the mass. 

Geographical dlstiibution. — The disease has been recorded from the 
\\'est Indies, South and Central America (especially Brazil), Africa, the 
Mediterranean area, and during the last 30 years from time to time in 
Great Britain. The most noteworthy epidemic was in Trinidad in 1902. 

Epidemiology. — A striking difference between classical smallpox and 
alastrirn is seen in the rate of progress through an unvaccinated community. 
Smallpox becomes rapidly epidemic, whereas alastrirn can wily be said to 
“ smoulder/' alternately waxing and waning, but never attaining really 
epidemic proportions. This, no doubt, depends upon the infectivity of the 
two viruses. There appears to be no seasonal incidence. 

The spread of alastrirn is brought about by intimate contact and over- 
crowding. 

Etiology. — Alastrirn is very infectious to man, and attacks both 
sexes : no racial immunity has been observed. The causative orgasm 
has not been discovered, though GiJ^amieri bodies have been d^cribed 
from the lesions ($ee p. 879). The virus is infective under experimental 
conditions for monkeys and calves, and produces lesions when inoculated 
into the cornea of rabbits. The crusts off the pocks are believed to convey 
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the virus of the disease. The infectious agent probably resides in the nasal 
and buccal secretions at an early stage. Vaccination protects against 
alastrim in a very high degree. This, and the fact that two attacks may 
occur in the same individual, are common both to alastrim and to smallpox. 

Pathology. — The lesions are present on the buccal mucous membrane 
as well as on the skin, and may extend from the palate down the trachea 
into the bronchi. The actual pocks appear to involve the skin tissues to a 
degree intermediate between those of chicken pox and smallpox ; they 
rarely leave any scarring. 

Symptoms. — The incubation j)eriod averages about fourteen days ; 
prodromal symptoms may or may not be prestmt. Wien observed, tlu*y 
are those of an influenza headache, with generalized aches and pains. 
Severe headache, vomiting, and rigors, typical of the onset of smallpox, are 
rarely noted. The eruption commences usually on the third or fourth day. 
but in some cases there is a coraplett? intermission of all symptoms, during 
which the patient may return to his duties under the impn^ion that he has 
recovered from an attack of influenza ; after the lapse of the quitweni 
period the eruption appears first on the face and palate, then on the hands 
and arms, and later on the lower extremities. Thus, in these cases there is a 
prodromal period of seven or eight days. 

Individual lesions . — The papules can be palpated under the skin even 
before they are visible. As a rule, the eruption appears in one crop, and 
closely resembles that of smallpox in every respect, any differences being 
due to the more superficial situation of the pathological pixKjess in the skin. 
The pock may be umbilicated, but collapses more completely on being 
punctured than does the smallpox pustule, that is to say, it is Um definitely 
multilocuiar. Drying or crusting begins at about the end of the first week, 
and crusts have usually fallen by the end of the second or third, at which 
period the patient is considered to be free from infection. 

The rash naturally differs somewhat in appearance on a dark skin ; the 
individual pustules, when ripe and full of pus, show as light creamy- 
coloured areas, in contrast to the dark purple of the surrounding inflamma- 
tory zone, and appear hke pearls upon a dark background. 

Distribution of the eruption . — This is identical with the distribution of 
the smallpox eruption, which is centrifugal, and it serves to distinguish 
alastrim from chickenpox, the rash of which has a centripetal distribution. 
As in smallpox, the most protected parts of the skin are most free from 
eruptions, i.e. axillae, groins, and abdomen. The parts most affected are 
the face, scalp, shoulder, back, arms and lags. Any part which has been 
previously specially exposed to irritation is more profusely affected ; thus, 
pocks are apt to clust^ at the site of old bums or scars. 

Confluent rashes may occur but, though the appearance of the patient 
is somewhat alarming, his general health appears to be but little disturbed. 
These cases may be associated with a considerable fever. 

It ^ been noted by most writers on this subject that the fetor accom- 
panying the raidi of true smallpox is not present in alastrim. 

Prodromal raahes are absent. 

The mortality-rate is minimal ; in^the series recorded it is about 0*48 per 
cent. (Bibas and Moody). 



PROPHYLAXIS 888 

Treatment is symptomatic only ; patients should be isolated in a small- 
pox hospital or elsewhere. 

Prophylaxis. — Vaccination offers the most efficient method of protec- 
tion against this disease, as in smallpox. In spite of the mildness of alsUtrim , 
it is consider^ desirable at present to treat it as a form of smallpox, and 
not only to isolate patients but to vaccinate contacts. 
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CHAPTEK XXIII 

HEAT-STROKE, HEAT EXHAUSTION AND SUN-STROKE 

Preliminary . — Leonard Hill states that in hard muscular work the heat 
pr(xluction is great and, even when well trained, a man does not tuni more 
than one-third of the energy generated into work, two-thirds l)tung con- 
verted into heat. An ill-trained man, on the other hand, lias an efficiency 
no higher than a steam-engine, and converts 10-15 per cent, of food energy 
into mechanical work and wastes the remainder in the fonn of heat. Sweat 
cools the body by evaporation ; the latent heat of evaporation in the chief 
factor concerned. 

Jones and Mankin, in their studies on submarine ventilation in tropical 
waters, found that during long submerged runs with high atmospheric 
temperatures and a high relative humidity, those men who were near 
electric fans suffered no discomfort, whilst those who were some distance 
away were distinctly uncomfortable, show'ing the beneficial effect of remov- 
ing the envelope of moist warm air from the body and aiding evaporation, 

C. J. Martin, in his work on heat regulation in man, found that the 
mechanism is essentially an “ adjustable insulation.” A comfortably 
clothed individual, sitting in a room at 15® C. at 50 per cent, (jf relative 
humidity, loses 44 per cent, of excessive heat by radiation, 81 per cent, by 
convection, and 20 per cent, by evaporation of moisture from the lungs 
and skin. A resting man produces some 1-2 large calories of heat per 
minute, which, if lost by evaporation of moisture, must entail a loss from 
the body of at least 2 c.c. of water per minute. Strenuous work necessitates 
the evaporation of approximately one pint of moisture per hour, and there 
must be a corresponding intake of water. 

Marsh (1930) found in experiments on man that oomjdete saturation with 
water vapour, if the surrounding air is at a temperature of 90® F., causes an 
inunediate and uncontrollable rise of body-temperature. Pembry ( 1926) 
recorded the case of a man bom without sweat-glands but othenrise healthy ; 
owing to abnormal rise in his temperature he was unable to do muscmlar work in 
samnm in Ski^^nd unless his shirt had jneviousiy been soaked in water. Peojde 
with ichthyosis are well-known to be intolerant of tropical temperatares, and a 
normal treated with atropine in therapeutic doses is easily reduced to the 
same eonditi<m as one boro without sweat-frauds. Fatigue of the sweat-f^ds 
(Haldane) may be due to the low ooaomirmUon of salt in the blood. A normal 
man of 60 kilos holds in hk body no less than 40 kilos of water, of which about 
nmr m in the blood, and if water is Moidy abstracted, it is replaced almost at 
once fifom the tissues. Men living in the PmUm Gulf Littoral are exposed to a 
Ugb atmosidieric temperature varying in^ween 126"^ F, and a ndnimunt of 86** F. 
Hence, the European has tosweat continuously to keep hk skb* tempefatuse at 
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such a level that the circulating blood can be sufficiently cooled. Under these 
conditions diuresis is so reduced that urine is passed perhaps only once a day. 

The agent responsible for the phenomena of heat-stroke and heat-exhaustion is, 
of course, heat. Haldane originally demonstrated the importance of moist heat, 
that the wet-bulb thermometer was the most reliable guide, and that the limits of 
man's power of accommodation were passed when the temperature of still air 
(as shown by the wet-bulb) exceeded 90® F. 

Moist heat is therefore the most important factor, while the air temperature, 
wind velocity, and relative humidity are all of importance (see also p. 11). In 
calm air the normal human body can support an air- temperature of 100® F. 
if the relative humidity is less than 90 per cent. ; 120® F. if less than 40 per cent. ; 
and 140® F. if less than 16 per cent. Rogers found that the mortality of patients 
with a Umiperature of 107® F. was 8*3 per cent. ; with a temperature of 107® to 
109® F. it was 29*2 per cent., and with a temperature of over 109® it was 69*2 
[>er cent. 

It is a matter of common observation that illness due to exposure to 
heat, in the absence of sunlight, is common amongst workers in deep 
mines, and 8b»kers in the stokehold of steamships. On the other hand, the 
blue-violet rays in sunshine have a noxious effect on patients suffering 
from pellagra or smallpox, and cause photophthalmia and some blindness. 
A certain amount can be learned from the effects of high environmental 
temperatures upon animals occupying different levels in the biological 
scale. Thus, frogs suffer from ** heat-stroke when the temperature of the 
water rises to 104^ F. ; it has been found that the lactic acid concentration 
in the blood and muscles of this amphibian rises to such a height that it 
bwomes completely paralysed. Guinea-pigs begin to succumb to heat- 
stroke when the shade temperature rist^s to 110® F., rabbits when it reaches 
116® F., and man at 130® F. In such circuinstances the body is expostni to 
heat of such intensity that the natural iMiwers of cooling are overwhelmed, 
the body temperature rises, increasing the respiratory and nitrogenous 
exchange, causing n<»t only retention of heat but also overproduction. 

Martin showecl that the tropical sun can produce local heating of the 
skull to a depth of one to tw'O centimetres of the skull surface, hair and 
tissues. 

Hyperpyrexia due to heat is complicated by the effect of sweating upon 
the concentration <if salts in the blood, so that even in a cool atmosphere, 
heavy manual labour, causing generous perspiration over long periods of 
time, when associated with deficient salt intake will, in experimental 
iodividuats, produce severe symptoms which can be curf*d by salt ingestion 
(Moss, 1927). 

It thus appi^ars possible that suppression of the sweat mechanism is 
the primary factor in the production of heat-stroke. 

Heat-iiixhausHon may occur in any climate, high atmospheric temperature 
bfing the essential factor. Heat-hyperpyrexm has a peculiar endemicity. 
The differences summarised in Table V, p. 887. 

HEAT-EXHAUSTION 

Deflaltloii.— Sudden faintness, or faulting, brouglit about by exposure 
to higli aimosjdierie temperature. 

26 
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^dolo^. — The healthy human body can support with impunity very 
high atmospheric temperatures. In many parts of the world men live and 
work out of doors in temperatures of 100® or even of 120® F. The stokers 
of steamers, especially in the tropics, discharge for hours their arduous 
duties in a temperature often over 150® P. 

When, however, the physiological activities have become impaired by 
disease, especially by heart, kidney, liver or brain disease, or by malaria, by 
alcoholic or other excess, by fatigue, by living in overcrowd^ rooms ; or 
when the body is oppressed by unsuitable clothing ; or in a combination of 
some of these factors — then high atmospheric temperatures are badly 
supported, the innervation of the h^rt may fail, and syncope may ensue. 

Heat exhaustion is responsible for the fainting attacks seen in people 
in crowds on hot days, or soldiers standing on parade in the hot son. 
It is a temporary, and usually not a serious, failure of the circulation to 
adapt itself to hot conditions. 

S3rmptoin8. — The patient feels giddy, and perhaps staggers and may 
fall. He is pale ; his pulse is small, soft, and perhaps fluttering ; his breath- 
ii^ is shallow, perhaps sighing, never stertorous ; his pupils are dilated ; 
his skin is cold ; his temperature is subnormal ; and he may be partiallv, 
more rarely quite, unconscious. Usually, after a short time, he gradually 
recovers ; very likely with a splitting headache and feelings of prostration. 
In a small proportion of cases the faint is not recovered from, and death 

Heoi cramps occur in hot, dry conditions, and are associated particularly 
with radiant heat-boilers and furnaces. They are not associateci with a rise 
in body temperature, but with excessive sweating, loss of chlorides, 
potassium and sodium ions. The calves are first affected, then the thigh 
muscles which are sore and aching. They can be prevented by saline drinks 
and a mixture of potassium, sodium and chlorine. 

HyperverUilation tetany is produced by alkalosis of the tissues, and can 
be brought about by overbreathing due to heat. 

Treatment. — In syncopal beat-stroke the patient should be laid at 
once on bis back in a cool, airy and shaded place. His clothes should be 
loosened, a little water dashed on his face and chest, and ammonia held to 
his nostrils. If necessary, a stimulant may be given by the mouth, or in- 
jected into the recto m or bypodermicaUy. It is a mistake to douche these 
cases too freely. The object is rather to stimulate than to depress. 
HEAT.H\TERPYREXIA 

Sjmonyms. Heat-stroke ; insolation ; thermic fever; siriaats ; sun-stroke. 

Definition. — An acute condition developing in high atmospheric 
temperature, characterized by sodden incidence of hyperpyrexia, coma, 
and extreme pulmonary congestion and oedema. 

Geographical dlitributiom--Heat-kyperpyrexia appears to be lemarkably 
reslrioied. Altbougb this type bas been repeated in many ocnmtriei, on oar^l 
investJgatioii it wiO be found that a li^ jmportion of the reputed cases are 
really otto disMses, more eepeeially oerebro*ipinal fever, ape^xy, toberoulous 
‘ ^ \ * * al maliuia, or sopMs other phw but 

not true heat-hypeipyi exl a. 
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Table V 

HEATSTROKE 


Heat-Exhaustion Heat-Hyperpybexia 

(Syncope) 

Onset. j Sudden faintnewi. j (a) Prodromal (not constant). 

Restlessness, verti«(o, headache, 
mental confusion, anorexia, 
thirst, sighing, visual dis- 
turbances, nausea, vomiting, 
I urinary irritability, suppres- 
sion of sweat. 

: j (A) Symptoms : 

Giddiness fainting, shock. ' Rapid hyperpyrexia, coma, pul- 

monary congestion. 

Vaust. Exposure to high temperature, j Direct action of solar or atmos- 

» especially in stokeholds. pheric heat on body causing 

auto-intoxication. 

Flushed. 

(’ontracteil. 

Rapid ; low blood pressure. 
Stertorous. 

Hyperpyrexial. 
l)r\’, sweat suppressed. 

Small quantity ; may be sup- 
pression ; offensive. Albumin, 
indican, R.B.C.'s present, 

* Sphincter control may be lost. 

: Present. ^ Erratic. 

; Partial or temporary loss. Coma. 

Rare. Mortality varies with tempera- 

j I ture. 

HUmulation. Lay patient in I Rapid retiuction of tempera- 
i cool place; brandy; am- | ture; cold bath, ice paokr, 

monta to nostrils, etc. continuous spray, normal 

saline intravenoudy ; chloral 
or pot. bromide if restless. 
Stimulate onlv after sweat- 
i ing begins. AKificial respira- 

I tion. Lumbar puncture. 

I Douching too freely. Reduction below 102° F. 

The etidemio areaa are ; — in America, the east coast littoral of the United 
States, more especially in the great towns, the Mississippi valley, the coast of the 
^•ulf of Mexkto, the valleys of the Amaaon and of the La Plata, and the South 
Atlantic coast ; in Aihrica, the valley of the Nile, the coasts of the Red Sea, and a 
iowdying part of Aigeda near Biskra ; in Asia, Syria, Iraq, the valleys of the 
Indus and Gaiigee, Soutli Persia, Lower Banna, Tonquin, and South-East China ; 

Australia, the Murray IHver distriot, the Queensland coast, and possibly the 
plains of Sydney, It k not met on the high seas, although it is well known cm 


Clinical, 

HeUexeii. 

Consciousnem. 

Death. 

Treatment. 


Face. 

Pupils. 

Pulse. 

Respiration. 

Temperature. 


Pallor. 

Dilated. 

Small, soft, fluttering. 
Shallow, sighing. 
Subnormal. 

Cold and clammy. 

No change. 
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ships in the narrow, landlocked Red Sea and the Persian Gulf/ During the 
1914-18 war dangerous oases occurred most numerously in Iraq, espacially during 
July, 1917, when for three days the temperature reached 122° F. in the shade, and 
135° F. in the interior of double dy- tents. 

During the present war the effects of heat on troops has been studied in Persia 
and Iraq and is the subject of an official memorandum ( 1943). 

^Etiology. — New-comers to the endemic areas and Europeans are more 
liable than natives or residents of long standing, and men over forty than 
those younger. All ages and both sexes are susceptible ; but in oonseq uence 
of their habits and more frequent exposure to the predisposing and im- 
mediate causes, men are more liable than women. 

Heat-hyperpyrexia is generally attributed to direct action of atmo- 
spheric or solar heat on the body. ^Many theories of the niodus aperandi of 
this cause have been advanced. Among these may be mentioned super- 
heating of the blood by the high temperature of the surrounding atmos- 
phere. Heame pointed out that heat-hyperpyrexia is associated with 
suppression of sweat, which may precede the onset of serious symptoms 
by 48 hours, for after prolonged exposure to high temperatures the sweat 
apparatus becomes exhausted and the glands cease to function. Coma, 
delirium and convulsions appear directly the body-temperature reaches 
108® F. Hypodermic injections of atropine have been shown to predispose 
to heat-hyperpyrexia through its action upon the sweat-glands ; somewhat 
similar results have been pr^uced in lower animals by Cramer, by injt*ction 
of /5-tetra-hydronaphthylamine, which over-stiniulates the thyroid-adrenal 
apparatus. The cramps are attributed to the coagulatioh of myosin in 
the affected muscles (Cajamian). 

Bhod chemistry , — Marked dehydration is ass(x*iated with an increase in 
the percentage of haemoglobin, sometimes to 110 per cent., and a corre- 
sponding increase in the red blood-celLs. The leucocyte count is also 
slightly increaseil. There is a diminution of the blood chlorides and 
plasma bicarbonate, but a rise in lactic acid, blood-sugar and, usually, 
blood-urea (Marsh). 

The earliest sign of hypochloraernia is low, or absent, urinary chlorides. 
The test is performed as follows : — To 10 drops of a 24-hour specimen of 
urine is added one drop of 20 per cent, potassium chromate solution ; 
this gives a canary yeUow colour. Silver nitrate (2*9 per cent, solution) 
is added, drop by drop, until the colour changes suddenly to brown. The 
number of drops of ^ver nitrate equals the amount of sodium chloride, 
in grammes per litre. Sugar and acetone are occasionally found in the 
urine, and also a trace of albumin and a lew hyaline casts. 

Pathology. — The cause of death is usually circulatory failure. A notable 
feature of £ital hyperpyrexia is the early appearance of rigor mortis. The 
blood is remarkably fluki, or but feebly clotted. The venous system is loaded, 
dark fluid blood pouring from the phenomenally engorged lungs and other viscera 
on metkm. Both blocd and muscles are said to yield an acid reaction, more or 
leas prcmounoecL The red blood-corpuscles are crenated and do not form 
rouleaux. If the post-mortem examination is made shortly after death and bdore 
deoompositicm ehanges have set in, the heart in early fi^ mortis, narUeularly 
tlie left ventricle, wul be found remaHcabfy rigid ; thh is sometimes oescribed as 
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being of “ woodeny hardness/* There may be some venous congestion of the 
meninges, and the brain shows small multiple hsemorrhages. On microscopic 
examination, necrotic changes in the ganglion cells, with chromatolysis of the 
nuclei, are found. The oerebro-spinal fluid is clear and under pressure. CJortical 
changes in the suprarenals have been described. In the lungs there is haemo- 
rrhagic pulmonary oedema. The intestinal mucosa, as well as that of the stomach, 
is swollen, and exhibits patches of congestion. The temperature of the cadaver 
continues to rise after death, and may reach 114 ° F. 

Symptoms. — Recent workers on this subject recognize the importance 
of the subacuie effects of heat. The onset is insidious, with pyrexia, 
lassitude, headache, nausea, and vomiting, giddiness and insonmia. The 
mentality changes to dullness or irritability. Signs of dehydration begin 
to appear, and the amount of chlorides in the urine is diminished. This 
state usually lasts 7-10 days. 

Among prodromata of a major attack, which may show themselves with 
greater or less distinctness for an hour or two, or even for a day or two, 
are gre.at disinclination for exertion, pains in the limbs, drowsiness, vertigo, 
headache, mental confusion, sighing, anorexia, thirst, intolerance of light 
— sometimes accompanied by chromatic aberrations of vision — suffused 
eyes, nausea and perhaps vomiting, praecordial anxiety, suppression of 
sweat, urinary irritability, sometimes a sense of impending calamity, an 
hysterical tendency to wwp, and a quickened pulse. 

. Ainiie heat stroke . — The first indication of anything seriously wrong may 
be a short stage of restlessness, or possibly of wild delirium. This brief 
preliminary st^age rapidly culminat-es in coma and high fever, quickly 
passing into hyperpyrexia which may reach 112^ F. The pupils are 
contracted, except immediately l>efore death when, along with the other 
sphincters, they relax. The face is congested and the muscles rigid. 
The reflexes are partially or wholly in abeyance. There may also be, 
especially in the graver cases, free watery purging, the dejecta as well as 
the skin of the patient emitting a peculiar and distinctive mousy odour. 
The scanty urine may contain indican, blood -corpuscles, albumin and 
casts. The cerebrospinal fluid is normal in appearance and its pressure 
slightly raised. 

\\jllcox distinguished different clinical types of heat-hyperpyrexia : 

(1) Gastric type . — A most deceptive form, in which the axillary tempera- 
ture is normal, the rectal temperature raised, and gastric symptoms pre- 
dominate, with congestion of the liver. Fatal hyperpyrexia may develop 
without previous warning. 

(2) Choleraic type . — This form is sudden, with purging and general 
resemblance to true cholera ; it may be fatal within three or four days. 
The rectal temperature may rise to 110® F. after death. 

(8) True heat-hyperpyrexia, in which nervous symptoms predominate, as 
descrilied, accounts for 70 per cent, of the cases. The temperature may 
rise to 118® P. for a short time, and the patient yet recover (Marshall). 

Unless active measures to lower temperature are taken early and 
vigorously carried out, in the great majority of instancy death ^11 occur 
within a few hours, or even minutes, of the onset of in^nsibility. The 
immediate cause of death is generally the failure of respiration. Rarely 
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do cases linger for a day or two. Partial recovery is sometimes followed by 
relapse. In favourable cases the disease usually terminates by crisis. 
Convalescence is rapid. Unless the patient is moved into different sur- 
roundings a relapse may occur ; two or even three have been recorded. 
Occasionally cerebral or cerebellar symptoms may persist. 

The death-rate may be materially reduced by early and judicious 
treatment. In Iraq during the 1914-18 war, the case-mortality among 
British troops was about 8 per cent. 

Dia^osis. — The high fever is sufficient to differentiate heat-hyper- 
pyrexia from sudden insensibility caused by uraemia, by diabetic coma, 
by alcoholic and opium poisoning, and by all similar toxic conditions. 
Carbon monoxide and hydrogen sulphide poisoning must also be thought of. 
Cerebral haemorrhage, |)articularly pontine, may, after some hours, be 
followed by high temperature ; but here the febrile condition follows the 
insensibility, whereas in heat-stroke the febrile condition precedes in- 
sensibility. Diagnosis from a cerebral malarial attack may be very 
difficult ; chief reliance has to be placed on the history, if obtainable, on 
the condition of the spleen, and especially on the result of microscopic 
examination of the blood ; but sometimes the subtertian parasites may 
not be demonstrable for two or even four days from the onset. Malarial 
fevers and the early stages of the eruptive fevers in children are very apt 
to be regarded as heat-stroke, particularly if there has been recent exposure 
to a hot sun. Cerebro-spinal fever, so often mistaken for heat-hypecpyrexia, 
may be recognized by the occipital retraction, the irregular pupils, the 
frequent occurrence of strabismus, Kemig’s sign, the comparatively low 
and fluctuating temperature, the associated herpes, the initial rigor, and its 
duration. Lumbar puncture will, of course, give a clear differentiation. 
The fluid is often under high pressure, but is clear in beat hyperpyrexia, 
and lumbar puncture should be performed in these cases, not only for 
diagnosis, but as a therapeutic measure. Uncomplicated heat-stroke is 
accompanied by hypochlor®mia, dehydration, absence of urinary chlorides, 
excess of lactic acid, and low content of bicarbonates in the blood. 

Marsh states that during a heat-wave in the Persian Gulf mild cases of 
heat-exhaustion are usually in the majority, and so it is difficult, sometimes, 
to distinguish cases of pure fright from genuine cases. Real cramps con- 
stitute a valuable di^ostic sign. I'hey are so extremely painful that the 
patient cannot sustain a conversation and the affected muscles can be felt 
forcibly to contract. 

Men of fifty years of age or over, or young men who have been suddenly 
introduced to a hot climate, should be carefully examined, for they may 
develop rapid hyperpyrexia without any of the usual premonitory signs. 
The correlation of heat deaths with increasing age js probably due to 
pr^essive diminution in the heart reserve. 

Treatmeiit. — Treatment must be instituted at the earliest possible 
moment. A few how* delay may mean death to the pallet. In all 
fulmwting fevers, including heat-bvperpyrexia, in warm olimateSi if 
malaria be susp^^, particularly if the subiertian parasite be dkeoveted 
in the blood, quinine ^ould be ixgected iniravenoudy or intramuscularly 
at once (7-10 gr. of the dihydroeffikiride), or given by enema as directed 
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for malaria ; this dose should be repeated three or four times at intervals 
of four hours. Should there be any suspicion of alcohol poisoning, the 
stomach should be washed out. In every case of heat-stroke, whether it 
has been deemed advisable to administer quinine or not, attempts must 
at once be made to reduce temperature by such rapidly acting measures 
as the cold bath, or ice applied in various ways to the head and body. 
The patient should be plac^ on a wet sheet supported upon bed cradles, 
thus forming a moist chamber in which he lies ; th^ whole may rest upon 
a rush-covered bed or “ angareeb.** Mackintosh sheets must be avoided. 
The continuous water-spray with iced water, together with an electric 
fan, simulates the natilral process of sweating to the best advantage. In 
the absence of electric fans an iced wet sheet may be wafted up and down 
over the patient’s abdomen by a punkah-like arrangement. Rubbing the 
skin with ice, by constricting the capillaries, apparently only obstructs 
evaporation. A thermometer should be kept in the rectum and the 
application of cold should be discontinued as soon as the thermometer in 
the rectum has sunk from 106"^ to 102° F., or from 109° to 104° P. If 
powerful antipyretic measures are carried beyond this point the fall of 
temperature may continue below the normal, even as low as 91° F., and 
dangerous collapse ensue. 

Fluid must be given in large quantities, as 0*25 per cent. saUne drinks 
or, if the patient cannot swallow, as intravenous normal saline, of which 
quantities up to 20 pints may be given. The fluid and salt requirements 
are regulated by the appearances of dehydration, the blood concentration 
(estimated by red cell count and perctmtage of heemoglobin), the amount 
of urine and the blood pressure. Intravenous saUne is indicate if the 
systolic blood pressure is Udow 100. It must be given with great care, 
for the cardio-vascular system may be unable to deal with it. If the 
blood pressure does not rise, the patient may die of pulmonary cedema, 
^^hicb may occur after 9 pints has been administered. 

A balance sheet of fluid intake and output should be kept, and fluid 
should l>e given in large quantities until the total output balances the 
total intake. In this balance sheet at least 8 pints must be allowed for 
daily loss of fluid by the sweating of a man at rest. 

On discontinuance of the iced ^eet, the patient should be wrapped in a 
dry blanket ; very likely, perspiration, a favourable sijp, will then set in. 
Stimulants may now be necessary. Strychnine, owing to the marked 
tendency to convulsions in heat-stroke, must on no account be used as a 
cardiac stimulant ; Chandler, as the result of his large experience, recom- 
mended the injection of 40 min. of tincture of digitalis. Convulsions are 
l>est controlled by cautious venesection. As death in heat-stroke generally 
results from failure of respiration, Heame and others strongly recommended 
artificial respiration when the breathing threatens to b6<^me suspended ; 
it should be maintained for Wf an hour or longer. Lumbar puncture is 
indicated as a rational method of relieving intracranial pressure. Gastric 
cases should reodve a liberal supply of bicarbonate of soda — 80 gr. every 
two hours. Liarrheeio and dysenteric cases are sp^ially liable to hyper- 
pyrexia because of loss of fluid. Nourishment is needed; sweetened 
diluted tinned milk may be used. 
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During convalescence great care must be exercised to shield the patient 
from all influences calculated to provoke relapse. The power of sweating 
may be in abeyance for three weeks or longer. 

Sequelae. — Permanent damage resulting from heat-stroke is rare. 
Temporary loss of memory and lack of concentration commonly occur, 
buJt sometimes cerebellar manifestations, epilepsy, hysteria, tachycardia 
and myocardial injury have been described. 

Prophylaxis. — Patients in hospital are especially liable to heat- 
hyperpyrexia. The most valuable practical method is to attempt to fore- 
stall it by periodically inspecting the patients to find out those with 
commencing suppression of sweat, urinary irritability, restlessness and 
insomnia. 

A heat-stroke hut, or treatment room, or even a heat-stroke ward, is a 
most desirable addition to hospital equipment in the tropics, 

A special refrigerating apparatus consists of a horizontally placed 
ammonia compressor working in conjunction with a brine-circulating 
system. At Masjid-i-Suleiman in South Persia (Anglo- Iranian Oil Fields) 
heat-stroke cases and, indeed, ail cases of fever, are, in outlying stations 
during the heat of the day until the cool hours between midnight and five 
a.m., kept in a cold-storage chamber attached to the ice-plant. During the 
coolest part of the night they are put into a fast ambulance and taken to 
the nearest heat-stroke hut where they are kept until complete recovery has 
taken place. Such accommodation should be provided for 10 per cent, of 
the population exposed to risk, in order to provide for the rush of cases 
during a heat wave. 

Buildipgs must be so <X)n8tructed that they do not retain heat, and cool 
down quickly. The roof should be double, enclosing a wide air space, or it 
should be of thick thatch, projecting well and shading the upper walls. A 
ventilated verandah should extend all round, supporting hanging curtains 
of s^ong canvas, surfaced on both sides with aluminium foil. Double w^alls 
should be provided. A tropical helmet with aluminium foil in the crown 
should be worn (see also p. 17). 

EfiBcient methods of cooling the air are employed in industry in many 
parts of the world. These include methyl chloride or ammonia refrigerating 
machines, or the cooling powers of evaporating wak^r at atmospheric 
temperatures and in vacuo. Air-conditioning of hotisc^s and dwelling-rooms 
is conimtHily found in New York and other American citit^s, and the matter 
is solely one of expense. 

The cost, according to Bennie, of maintaining a cool chambt^r, is £400- 
£500 per annum. 

The drink available for all workers in endemic areas of heat-stroke 
riiould consist of : sodium chloride 6 oz., potassium chloride 4 oz., water 
If pints. Of this concentrated solution, 17 fluid ounces are added to 8 
gallons of water for drinking ; a flavouring may be added (Dunlop, 
McNee and Davidson). 

As the result of these measures heat-stroke has been greatly reduced and 
has almost ceased to count as a cause of invalidism. 

Acciioiatlziitioii. — Some otganizations in the tropics endeavour to 
avoid the ill-eiffects of heat by ensuring fitness and acclimatisation of 
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workers. In the Witwatersrand gold mines, candidates for employment are 
subjected to an exercise tolercmce test in rooms artificially heated to 94° P., 
wet-bulb, and are then graded on their reactions, suitable candidates being 
put through a further course involving exposure to high temperatures in 
stages and lasting, sometimes, for fourteen days. Soldiers should be given 
lectures on the precautions necessary in hot climates. 

Fewer caspalties occur from heat among men born and bred in the hot 
climates than among those reared in temperate climates. While there is a 
general agreement that excessive alcohol consumption is contra-indicated, 
less attention has been paid to the profound effects that may arise from 
shortage of water and to the importance of replacing salt lost in sweat. 
The minimum daily fluid requirement in the hot season is 10 pints, and a 
man doing hard manual work may take 4 gallons. A daily ration of | oz. 
of salt is essential, and should be taken for several days before entering a 
heat stroke area, and continued throughout residence there. There is no 
evidence that alcohol in moderation is harmful. Constipation in the hot 
season is almost physiological and must be avoided, but care should he 
taken that when saline purges are given, plenty of fluid is drunk, since a 
watery motion may induce dehydration, and a patient may be constipated 
because he is already somewhat dehyd ratted. 

In the present war it has been noted that, during the hot weather of 
1942, nearly three-quarh^rs of the cases of general effects of heat amongst 
troops in Persia and Iraq occurred before, during and after disembarkation. 
Many could have b»*en prevented had adequate precautions been taken on 
board ship. High atmospheric humidity with a wet bulb temperature of 
83° F. is the danger point, 

. It is dangerous for persons who have suffered from heat hyperpyrexia to 
return to the conditions or surroundings that brought it on in the first 
place. 



SECTION II 


VITAMIN DEFICIENCY DISEASES 
(Avitaminoses) 

Preliminary statemcnt.—The term avitaminoeis is applied lo a series of 
apparently quite distinct clinical conditions in which the main eetiological factor 
is in the chetary. It is not the quantity, but the imbalance of ingredients which 
may bring about such serious metabolic changes. The process must be regarded 
as quite distinct from starvation. Dietetic deficiencies are due to the gradual 
withdrawal of ingredients necessary for the elaboration of intricate biochemical 
processes essential to the maintenance of life. The exact chemical constitution 
of some of the vitamins has been determined and several have been synthesized. 
Though smaU in quantity their influence upon metabolism is profound. For the 
comprehension of tropical deficiency diseases an outline of vitamin physiology 
must be given, but it is manifestly impossible to give a full account of this rapidly 
expandi]^ subject. 

Vitamins are regarded as catalysts, and they are concerned with the meta- 
boHsm of carbohydrates and other essential substances. The modem conception 
is that the same clinical phenomena may result either from actual deficiency in 
the diet or from lack of absorption from the bowel. Possibly some vitamins 
may be destroyed in the body by the toxins of disease. 

Vitamin A 

This includes A} found in animals and sea fish, and A, found in fresh- 
water fish. “ Provitamin A ” denotes those plant carotenoids which are 
converted by animals into vitamin A. 

The most striking effect of vitamin A deficiency is night blindness, which 
can be cured — often in twelve hodrs — by eating liver, which is rich in 
vitamin A. Conjunctivitis and xeropthalmia are the most noticeable 
examples of the change in epithelial surfaces of the body brought about by 
lack of vitamin A. The terra “ anti-infective ” vitamin was bestowed on 
vitamin A by Green and Mellanby, because they found that animals killed 
by lack of it showed multiple foci of infection in those areas where the 
epithelium had been affected. The carotene content of plants has been 
found to vary with their vitamin A potency. The accepted formula for 
vitamin A is : 


I.C CH, 

V 

/\ 

C - CH « CM-^ » CH«CH-^ • CH - CH ^OH 
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CH, 


The syntheris of pure vitamin A was effected in 1937. The crystals are pale 
yellow, melting at C. to a viscous oil. Vitamin A gives a band ot maxi- 

mum absorprion in the ultraviolet itfkm of 32B miUimicrons. It and its oaro- 
tmioid preonxsors are frit-sohible and ate concentrated in the unsapmiifiable 
extracts of fats. Th^ give the Carr-PHce colour test : antimony triofalocide 
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disBolved in chloroform with vitamin A rapidly develops a blue colour which 
then fades. 

In biological estimation of vitamin A, either the curative or prophylactic 
method is used. This is based upon growth response in young rats. The diet 
should contain all essentials, apart &om vitamin A, so that arrest and resumption 
of growth can be attributed with certainty to the vitamin content alone. 
Absorption spectrum estimations of vitamin A have been found reliable, pro- 
ducing results more or less in harmony with biological estimations, but these 
must be converted into international units. Estimations based on colour 
reactions, ** Lovibond blue units,** do not give such accurate results as the 
biological and physical estimations. 

A definite weight of ^-carotene is used for the International Unit since it is 
converted in the body to vitamin A. The International Standard for vitamin A 
is the “ Reference Cod -Liver” oil of the U.S. Pharmocopeia which contains 3,000 
I.U. per grm. The International Standard unit is ly (0*001 mg.) ; 3 to6y daily 
are sufficient to protect young rats. 

Vitamin A is formed in the body from cert€dn red or yellow plant pigments 
known as carotenoids. No animals can synthesize them for themselves, nor form* 
this vitamin fh)m any other source. 

Carotene, C40 H56, a hydrocarbon, is widely distributed, being found in bacteria 
and higher plants ; its value to plants is obscure, but it is usually found in 
association with chlorophyll. The amount of absorption of carotene from 
various foods differs : only about 20 per cent, of the carotene of raw carrots is 
absorbed. Fat and bile are necessary for its absorption. The transfer of carotene 
across the wall of the gut probably depends on the formation, with bile, of a water- 
soluble diffusible complex. Carotene is stored in the Kupffer cells of the liver. 
The conversion of carotene to vitamin A takes place in the liver by the action of 
an enzjrmc — carotinase. Herbivorous animals depend entirely on carotene for 
their vitamin A, but omnivorous animals, like man, obtain it partly from carotene 
and partly from animal food in which the vitamin is present. 

Diseases may affect storage by increasing utilization and hindering conversion 
of carotene to vitamin A, or by impairing the storage capacity of the liver. Vita- 
min A is never excreted by man in good health except as a breakdown product. 

Hypervitamiliosis A and excess of carotene. — Few bad effects 
have l)een reported from taking too much vitamin A, though doses fro m 
60,000 — 200,000 I.U. are in common use. High carotene levels in the blood 
decrease resistance to rt^piratory infections and occasionally cause 
Xanthosis cttJlis (or carotinapinia). This is a condition, not uncommon in 
the tropica, where the skin, but not the conjunctiva or the urine, becomes 
yellow from deposits of carotene ; it may at first sight suggest jaundice. 
Diabetics on the wrong dietary are likely to develop carotintemia. 

Distribution of vitamin A. — The provision of vitamin A in human diet 
is important ; it is found in very few foods, of which the most common are 
butter, eggs, milk, honeycomb, liver and some fish and fish liver oils. Of 
these, the first three are the most widely consumed, but their vitamin A 
content is by no means constant and in turn depends entirely on the diet of 
the cows and fowls. The colour of the egg yolk affords a good index to the 
amount of carotenoids. Fish liver oils are extremely rich in vitamin A, 
and constitute Uie only concentrated medicinal preparations in use. 

Carotene and provitamin A are widely distributed in vegetables and 
fruits, in association with chlorophyll, and in yellow vegetables and fruit. 
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In tropical and subtropical countries, such as the Philippines, the Dutch 
East Indies, Ceylon, India, China, the West Indies and parts of E. Africa, 
the problem of child blindness is widespread owing to lack of vitamin A. 

Domestic cooking causes no appreciable loss of vitamin A or carotene, 
but prolonged boil^ of milk is harmful. The maximum human require- 
ments of vitamin A or carotene are 60 I.U, per kilo of the former and 
200 I.U. of the latter daily, which means for a man of 11 stone 4,200 LU. 
and 14,000 I.U. respectively. For normal growth and freedom from 
clinical symptoms, 20 I.U. of vitamin A and 40 I.U. of carotene daily per 
kilo body weight are needed. These needs are increased during pregnancy 
and lactation. As a general rule, most pathological conditions of the bowel 
interfere with the absorption of carotene from the bowel or its conversion to 
vitamin A in the liver and to a much smaller extent with the absorption of 
vitamin A itself. 

All diseases which interfere with digestion of fat hinder the absorption 
of both carotene and vitamin A, and indeed the former is said not to be 
absorbed in coeliac disease or, probably, in sprue. 

Deficiency, of vitamin A. — Human vitamin A deficiencies can be 
recognized by : (1) clinical examination ; (2) measuring dark adaptation ; 
and (8) estimating vitamin A in the blood. 

The popular conception that children require more of this vitamin than 
adults is not correct ; rather the reverse appears to be true. Vitamin A 
seems to be necessary, not so much for the metabolic activities of the cells 
as for the maintenance of their structure. A plentiful supply appears to 
increase longevity and delay senility. The effects of vitamin A deficiency 
are seen especially in the epithelial surfaces of the body and. their replace- 
ment by stratified, squamous, keratinizing epithelium. Some tissues are 
damag^ earlier than others by this deficiency. In general, the changes are 
not very pronounced in the glands, but the epithelium lining the ducts of 
the glands is involved before that lining the acini. This accounts for the 
common occurrence of abscesses, or cysts, at the base of the tongue, which 
are really salivary retention cysts that may become infected. All the 
respiratory tract, the nasal sinuses, and the Eustachian tulx^s are involved. 
In the lungs the smaller bronchi l^ecome plugged with desquamated cells, 
thus paving the way for infection. 

Vitamin A is essential for the germinal epithelium of the testes. The 
earliest changes arising from deprivation are sloughing of the germinal cells 
into the lumen of the tubules and a gradual reduction of their size. These 
are independent of the action of the pituitary. 

The mucous membrane of the digestive tract is not involved, but there 
is some evidence that lack of vitamin A interferes with the function and 
structure of the gastric glands and pancreas. 

This avitammosis causes hyperplasia and keratinization of the gums, 
whilst developing teeth are severely damaged, by deprivation of the 
odontoblasts of some controUmg influence over their growth, leading to 
poor or deformed dmivate. 

The Kidney $. — Vitamin A plays an important part in urinary secretion, 
lliere are seve^ posrihilities : (a) the kidney acts as a storehonse for 
vitamin A; (b)itdeitroysorexaretesexce8Sof vitamin A; (c) A it neoetaary 



VITAMIN A DEFICIENCY 


897 


or the functioning of the kidney ; (d) impaired renal function allows 
vitamin A to leak away in the urine. 

The Endocrine System , — The relationship of vitamin A to the endocrine 
system is still uncertain. Probably the thyroid stimulates the conversion 
of carotene to vitamin A and, conversely, the latter decreases the effect of 
thyrotoxine in stimulating metabolism. 

The skin , — The skin changes which occur as a result of vitamin A 
deficiency were described by Nicholls as toad skin or phrynoderma. Many 
have recognized a close ass^xjiation l)etween skin changes, night blindness 
and xerophthalmia. The dry skin is followed by a sudden local eruption 
which spreads over to front and sides of the thighs, the posterior and lateral 
sides of the forearms, just below the elbows, the fronts of the arms and 
shoulders. The scalp is not affected, but the hair may be dry and brittle 
and the nails m^y have transverse or longitudinal ridges. The eruption 
consists of dry, homy, round or oval sharply-defined papules, varying in 
diameter from that of a pin’s head to a quarter of an inch, and the size 
increase's with the duration of the deficiency. Each papule is formed by 
hyperkeratosis of the pilo-sebaceous follicles, has a hard keratinous core 
and seldom, if ever, undergoes pustiilation. Treatment wdth vitamin A is 
entirely successful. The first sign of recovery is a return of sweating, so 
that the akin within two or three weeks no longer h*el8 dry. 

The eiycj?.— The earliest detectable result is slight impaimient of dark 
adaptation ; a severe deficiency leads to night blindness or hemeralopia. 
In bright light, \ision is effeett^ by the cones of the retina, which are not 
affected by lack of \itamin A. When the light is suddenly decreased, the 
eye carmot for a moment, until dark adaptation occurs : this increase 
of sensitivity is due to transfenmci^ of the function of vision to the rods of 
the retina, :«rhich are not stimulated directly by light, hut only' indirectly 
through the chemical changes caused by light in the visual purple of which 
vitamin A is a component. On the rapidity with which visual purple is 
re-fonned dej)ends the rapidity t»f dark adaptation. Short^ige of vitamin A 
must slow down the formation of visual purple and therefore dark adapta- 
tion. The measurement of this factor has l)een extensively used in 
nutritional research for t'stimating vitamin A deficiencies. 

Flither th<* Birch-Hirschfeld photometer or the Jeans-Zentinire biophoto- 
imder is used. The eyes are first exposed to a bright light, which causes a 
unifonn bleaching of the visual purple, after which the light is extinguished 
and the patient is showm small test spots of light. As the eyes become 
adapted to the dark, so the illuminations of the test spots can be reduced, 
without niaking them invisible. The lowest illumination which, after ten 
minutes, allows the spots to be seen is taken as the nieasure of dark adapta- 
tion. The results are sufficiently accurate to divide patients into nonnal 
and subnormal groups. 

The first ch^ige in the eye is a drying or xerosis {wsrophihalmia) which is 
usually accompanicHi by photophobia. This is due to metaplasia of the 
conjuetival enithelium, stopping the secretion of mucous eeUs ; it is con- 
firmed by finaing keratinous cells in gentle scrapings of the eye. No farther 
<*hanges may occur, or this may be foUow^ed by photophobia, lachrymation 
end a sticky discharge. Tlie cornea may become oedematous, and necrotic. 
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so that keratomalacia follows. Recovery, apart from scarring of the 
cornea, is always possible, if perforation has not taken place. Prolonged 
mild deficiencies lead to formation of “ Bitot’s spots.’’ These are always 
placed just lateral to the cornea on the equator of the eye, and are generally 
triangular with a slightly concave base, and about 5 mm. in width, though 
sometimes they are round or oval and may be composed of lines and dots. 
Nicholls and Nimalasuriya in Ceylon described the lesions as resembling 
“ a dab of chalk paste striated with a pin.” They never occur on the 
cornea itself. 

Treatment is with large doses of cod-liver oil or vitamin A concentrates, 
but recovery is slow. 

The nerwus system. — Deprivation of vitamin A causes degeneration of 
the nenous system, though the process is usually surprisingly severe before 
clinical symptoms are observed. It was suggested by Mellanby that 
kUkyrisni {see p. 788) is a disease not only due to the eating of a vetch — 
Lathyrus — but also to lack of vitamin A. 

Moreover, beriberi is accentuated by this deficiency and there is some 
evidence that vitamin A has some action in protecting the nervous system 
against the effects of ergot. 

Other effects of lack of vitamin A are respiratory infections and diarrhoea. 

Meaaoring the lack of vitamin A in the blood. — The normal values 
for vitamin A in the blood are probably between 100 and 800 l.U. per 100 
c.c. On the whole, values tend to low in the early spring. Estimations 
of carotene in the blood are not of great clinical value, since carotene is 
useless to the body until converted to vitamin A. High caroUme levels may 
be present with an A deficiency, as in inyxeedema. llie methods employed 
for estimation of vitamin A and carotene in the serum are based on the 
antimony trichloride colour reaction and matching the depth of the colour 
of the carotene against solutions of potassium bichromate or coloured 
glasses ; this process has been greatly assisted by the introduction of 
the photocolorimetric method. 

The Vitamin B Complex 

WTiat was formerly known as the vitamin B complex is now shown to 
consist of two factors, one thermolabile and the other thi^rmostable. 
The historical sequence of the main discoveries is outlined on pp. 414. 

The following are now recognized : 

Vitamin B^ (Aneurin, Thiamine). 

Vitamin B, (Riboflavin). 

Vitamin Bt Nicotinic add (Niacin), a factor essential for the growth 
of pigeons). 

Vitamin (rat anti-dermatitis factor or adermin). 

Other allied vitamijie .'— H (Biotin) has been isolated from 
liver and shown to be a cyclic urea eompot^ containing sulphur with one 
carboy! group. It is essential for the normal functioning of many micro* 
organisms and higher animals, and is present in high concentration in 
tomomr tissue. 

ChoUm is important as an accessory food factor and in 
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normal kidney structure. It is always present in concentrations of the 
vitamin B complex. 

Adenylic acid, a complex of adenin, ribose and phosphoric acid, is widely 
distributed in nature and is extracted from yeast. It is a “ respiratory 
mediator ” forming part of the enzyme system concerned in catalyzing the 
oxidation-reduction mechanism in the living cell. Spies and his colleagues 
found that ulcers in the mouths of malnourished patients healed after 
intravenous injection of 50 mgm. of adenylic acid twice daily. 

Pantothenic acid is the chick anti-dermatitis factor and is one of the 
filtrate factors necessary for the growth of rats: It is found mostly in 
brewers* yeast, liver and eggs, wheat bran and split peas. There is some 
reason for believing that it is associated with riboflavin metabolism, but its 
exact r61e in human nutrition is not known with certainty, though it is 
assumed to be necessary. Pantothenic acid is of extremely low toxicity. 
Its level in the blood of patients suffering from deficiency diseases (beriberi, 
pellagra) is 28-50 per cent, less than normal. 

Vitamin Bj {Aneurin : thiamin ). — Vitamin has the following structure: 


N»C • NH2 

1 ‘ 

CH,C C-CH,- 
M I ^ 
N-CM 


CHj 

/C-C'CH, 
Cl 


^CH-S 


lch.ohI 

J^HCl 


composed of pyrimidine and thiazole nuclei. It is therefore 2-raethyl-5- 
(4-methyl-5-)3-hydroxethyl-thiazolium chloride)methyl-6-ammo-pyrimidine 
hydrochloride (Cj, HjyONjS), a colourless water-soluble crystalline sub- 
stance containing a molecule of water of crystallization and melting at 
248-250® C. In dry conditions it is stable at 100® C. for twenty-four hours. 
The rate of destruction is increased by presence of water and alkali. It is 
oxidized to thiochrome by potassium ferricyanide in the presence of alkali. 

Destruction in ordinary cooking processes is not very great if soda be not 
added to vegetables. Pressure cooking, even when rapid, causes*, con- 
siderable destruction. The destructive action of sulphites is of some 
importance, since these are used in the preservation of fniit pulp and juices, 
and depends on the pH of the medium. In canning there should be little 
loss. Vitamin B| is dt»8troyed on autoclaving, and largely inactivated 
when yeast and liver are subjected to heat under pressure. When subject 
to mild oxidization with potassium ferricyanide the alkaline solution is 
converted to ihiodtrome which exhibits intense blue fluorescence under 
ultra-violet light, a reaction employed in the estimation of Bj. Thio- 
chrome is devoid of any vitamin-like action. 

B^ is widely distributed in raw foodstuffs, the richest sources being 
whole oerealsi especially the pericarp and germ (see p. 416), yeast, pork and 
pulses. Vegetables, including potatoes, are an important source. The 
diet of the working classes in Britain is so deficient in that white could 
with advantage be replaced by wholemeal bread. Yeast is an exceptionally 
potent source and imould^be used as a dietary supplement when large 
quantities are required. Milk is a poor source. 

ThephysMoyy The original suggestion of Funk that B| plays some part 

in oarhohydrate metabolisni has been substantiated. Two of the intenne<Uate 
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prodactfi of the metabolism are lactic and pyruvic acids. Glucose is not directly 
oxidised in the body» but is transformed into carbon dioxide and water in a 
number of stages during which lactic and p 3 TUvic acids are produced. Bj 
deficiency in animals results in incomplete metabolism and is associated with 
increased urinary excretion of lactic acid. The blood level of lactic acid appears 
to be abnormally high in beriberi patients. 

The work of Peters and his associates has shed much light upon the r61e of B| 
in carbohydrate metabolism. They were able to demonstrate increased lactic 
acid and diminished oxygen consumption in the lower part of the brain of pigeons 
suffering from B| avitaminosis. B| deficiency is associated with increase of 
pyruvic acid in the blood and its presence can be demonstrated by increase of the 
bisulpkUe binding power (B.B.S.) of the blood. Being a ketonic aoid» pyruvic 
acid (CH,.CX).COOH) combines with sodium bisulplfite. In human cases of 
beriberi Platt and Lu demonstrated raised B.B.S. in blood, urine and cerebrospinal 
fluid. It is also claimed that the blood pyruvate of rats runs parallel with the 
degree of B, deficiency, as measured by the bradycardia test. 

It is new generally believed that vitamin B| most first be converted into its 
pyropbosphoric ester before it acts as a specific catalyst necessary for the breaking 
down of pyruvic acid. The neurological lesions of Bj deficiency are probably due 
to inability of the body to metabolise glucose efficiently. This oxidization can 
also be inhibited by alcohol, anaesthetics and barbiturates. 

Vitamin Bi and fat metabolism , — A diet rich in carbohydrate brings on 
symptoms of avitaminosis more rapidly than one containing much f^t. B| may 
fbnetion as a co-enzyme in the synthesis of body fat from ingested carbohydrate 
and is therefore needed in greater quantities. 

Other functions of B|. — Vitamin Bj may be associated in some way with 
thyroid function. After prolonged deficiency, structural changes in the thyroid 
have been observed, chaiacterized by increase in colloid and reduction of active 
tissue ; experiments have shown that B| is antagonistic to thyroxine. 

B| appears to potentiate the action of acetylcholine in the tissues by inhibiting 
chohnesterase, an enzyme which hydrologies acetylcholine and cheeks its action as 
a parasympathetic hmrnone. It has also been shown to be a growth factor in 
plants and bacteria and also in infants. 

Phamiacologkal action , — SubeutaDeous injections of from 60«-500 mgm. 
per kilo cause an increased oxygen intake of 20 per cent, in guinea-pigs 
within half an hour. B| also princes diuresis which is thou^t to be of 
centra] origin. Toxic effect occurs only when very large doses are given. 
Man will tolerate intravenous injections of 500 mgin. daily for one month. 
Because of the great difference between therapeutic and toxic doses and 
lack of cumulative toxicity, Bt can be regaled as a particularly safe 
therapeutic agent for prolonged use. 

Cowgill (1980) proved that man is unable to synthesize B}, or store 
it to any appreciable extent. In experimental animals signs of deficiency 
may be produced in a period of 10 days to 8-4 weeks, but ^mptoms* in 
man may appear alter a few weeks of inadequate diet. It is readily 
absorbed from the small, and possibly also the large intestine but, even 
when ingested in sufficient quantities, it may escape absorption in certiun 
digestive disturbances, such as vomiting and diai^ma, or destruction of 
intestinal mucosa (chronic bacillary dysentery, ulcerative colitis). Diseases 
assorted with diuresis may wash considerable quantities of from Use 
tissues before it can be utilized. Absorption occurs by timple diffusion* 

93ie larger part of B| is simred in tiie liver, kidm^s muscles, and it is 
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abundant in the normal heart. Depletion occurs most rapidly in the 
muscles ttod is slowest in the brain. B| is excreted in the urine, and the 
kidney concentrates it from the plasma to a marked degree, perhaps 
twenty times or more, but it appears that only a small proportion of the 
vitamm given by the mouth or by injection is excreted in the urine, the 
rest being destroyed in the body. It is also excreted in the milk but no 
appreciable quantity in the fasces. Harris and Leong (1986) believed that 
excretion of less than 12 1.U. per day in the urine is evidence of deficiency. 

Human requirements * — ^An increase in metabolic rate increases B^ 
requirements. Thus, beriberi is more prevalent amongst stokers than 
sailors, owing to their greater physical exertions. ^ Similarly, males suffer 
more from beriberi than non-pregnant women, due to harder physical 
work. In Manila there is a high incidence of beriberi among pregnant and 
nursing mothers. As the metabolic rate rises during fever there is apt to 
be an association of beriberi with malaria and other pyrexias. 

The International Unit is the antineuritic activity of 3y of pure Bj (i.e. 
838 I.U. = 1 mgm.). The minimum daily requirement in international 
units is expres^ in Cowgill's formula : daily calorie intake' 0*0284 x 
weight in kilos x 0*06. Therefore, for an adult of 70 kg (list.) on 8,000 
calories a day the minimum requirement would be approximately 800 I.U. 
or 1 mgm. The figure is the physiological minimum, but 500-700 I.U. 
(1*76 mgm.) is the desirable intake, ^e metabolic rates in pregnancy, 
lactation, infancy and childhood, per unit of body surface, are greater than 
in normal adult life, therefore a greater requirement is necessary. 
Infants require approximately 50-60 I.U. (0*2 mgm.). Up to adolescence 
the Bj requirements increase with age. In hyperthyroidism and during 
exercise the n^uirements are increased. 

Methods used for estimating in body fluids : 

Bradyoofdia method , — ^Young rats lure put on a B| deficient diet and, after three 
weeks, when they are losing weight, electrocardiograms are taken. The heart 
beats have now fidlen firom 500-560 a minute to 350. A test dose of the substance 
to be esthnated is fed to the animal, which is then replaced on the basal diet. 
Another deotrocardiogram is taken twenty-four hours later. The effect of 
feeding B| is to raise heart rate, and the increase in rate and time over which 
the increase lasts are proportionate to the quantity of B,. 

Pkyeomyeestest . — method is based on the fact that the growth of the mould 
P, hiahsskeemus Is proportional to the oonoentration of B, in the medium. It is 
used in the estimatioD of B| in whole blood, blood plasma, urine and cerebrospinal 
fluid. 

Tkioekrome method — When B} is oxidised in an alkaline medium by potassium 
ferrioyankle it is oonmted quantitaUv^ into thiochrome which is fiuoresomit 
under uttraviblet light. Tim thioohrome can be estimated fluorometrically by 
oomparisQii wi^ a standard sedation. 

B, : RiboflUvin (liactoflaviii. Vitamin B,, Vitamin 6).— Kboflavin 
crystalliaafl in 3 f«l]owiw brown ne^es which have no sharp meltinjg point, 
but duAm at C. and decompose at 267-294'' C. Solubility in water 
is very 2*6 part# per thousand at 26'' C. It is insoluble in fat 

solvents. is shMo in stroi^l^ add solution, unstable in alkalis, 

or when expoied to li^t txt irradiadem with ultra-violet light. The 
27 
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vitamin is therefore stored in amber-eoloured ampoules. Solutions of 
riboflavin exhibit a strong yellow-green fluorescence which reaches its 
maximum between pH 6 and 7. 

Biboflavin is distributed widely in plants and animals. Amongst the 
best sources are yeast, milk, white of egg, fish roe, kidney, liver and leafy 
v^etables. There is not much in grain. 

In milk it exists in free form ; in other sources, such as yeast, liver and 
plants, it is conjugated with other compounds of high molecular weight. 
The yellow pigment formed by the tubercle bacillus is identical with 
riboflavin. 

Riboflavin is reasonably heat-stable, and is not destroyed unless the 
medium is alkaline. Appreciable loss occurs in roast and fried fcM)d8, but 
it is only slightly affected by drying or freezing ; canning is much inon< 
destructive. 

d-Riboflavin is 6 : 7-dimethyl-9-d-ribityl~i80-“alloxazine. 

The formula is : 


OH OH OH 

CH, C — C— C— CHjOH 

I I k ii 






NH 


The Bourquin-Sherraan unit is equivalent to 2-2*5 raicrogrammes of 
pure riboflavin. 

Phy9U3iogy . — Like B„ adenylic add and nicotinic acid, riboflavin is important 
in metaboiisn], forming part of a complex enxyme system concerned in the 
oxidation-reduction reaction of living cells. These enzymes consist of a 
molecule of which the vitamin is part, combined with a protein molecule. The 
whole of it exhibits enzymic activity. The enzyme protein combines with flavin 
phosphoric acid capable of unde^oing reversible oxidation and reduction ; this 
lattOT forms with a specific protein the yellow oxidation enzyme “ flavoprotein ** 
which aflects cell respiration. The flavoprotein forms part of a complex oxida- 
tion*reduction system for hexose phosphoric acid. 

The function of flavoprotein is to aid in the transfer of hydrogen from tissue 
cells to the blood-stream wh^ free oxygen is available fnm the breakdown of 
oxyhsemoglobin and where oxidation of the hydrogen can be aocovnplished. 

Riboflavin not only aids the oxidation of oarbohydratcM, but a l s o Aiwinn acids, 
laoric acid and aldehydes. It forms part of the co*enzyine of d-amino arid 
oxidase — an enzyme capable of oxidizing many amino-arids. 

Most animals, as well as man, are unable to qrnihesize riboflavin. It 
must be obtained from diet. Its vitamin activity is due to the fact that, 
when pbospfaorylated, it combines with other substances in the cell to form 
pajrt of enzyme systems. Phosphoiprlation may occur as soon as it is 
absoirbed ^m the intestinal wall, since the intestinal mucosa can bring 
this about in fhe presence of phosphates. It was origtnally though^ ^ 
I^zt and Verzar that the a^nal cortex hormone was esaenw tor 
phoqphoiylaiion, but this is now held to be inooireot. 
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Riboflavin and ntUrUion of the eye . — Conjunctivitis and keratitis occur 
within seven to eight weeks in animals on riboflavin-free diet. These 
lesions are due to defective metabolism in the lens and cornea. Comeal 
vascularization is an early and reliable sign of ariboflavinosis, though there 
is little evidence that riboflavin plays any part in the function of the retina. 
In man, as described by Kruse and Sydenstricker, there are itching, 
burning, roughness of the eyelids, lachrymation, photophobia and visual 
fatigue, and, in China, phlyctenular conjunctivitis. The earliest and 
commonest sign of ariboflavinosis is circumcomeal injection which may be 
easily visible or detectable by slit-lamp inspection. It manifests itself as 
marked congestion and proliferation of the limbic plexus. In 86 per cent, 
of cases capillaries invade the cornea. In other cases there is gross injection 
of the fornix and sclera. 

The earlit^t change is marked pmliferation and enlargement of the limbic 
plexus with production of numl^ra of narrow capillary loops. Mydriasis 
and disturbances of accommodation may also be noted. 

The (X^ular Unions are cured by riboflavin therapy. The photophobia, 
burning and itching of the eyes respond within 48 hours to riboflavin in 
doses of 5-15 mgm. Resolution of the keratitis takes place later. 

The rt'lationship of st/philis to ariboflavinosis and keratitis is not direct : 
in the former the keratitis is posterior : in the latter anterior. It is sugg(*sted 
that tropical nutritional amblyopia, or failure of central visual acuity, and 
t*ssential comc^al epithelial dystrophy are also partially due to riboflavin 
deficiency. 

Acne rosacea and associated keratitis are now generally regarded as 
(examples of ariboflavinosis and curable by riboflavin therapy. 

The chief extc*rnal sign of ariboflavinosis is cJieiJosis (lesions on lips) or 
pallor of nmcxma at the angles of the mouth, followed by maceration, 
eventually giving rise to transverst^ fissures extending downwards from the 
angles of the mouth (Sebndl and Butler). This syndmme of angular 
stomatitis is identical with that seen in some pellagrins (see p. 488) and 
clears up with daily doses of 8-5 mgm. of riboflavin. 

Absorption, storage and excretion , — Riboflavin is absorl>ed from the 
intestine and hydrochloric acid is probably needed for this purpose. 

Riboflavin is not phosphorylat^ or absorbed in patients with certain 
types of gastro-intestinal disease — such as spme and coeliac disease — and 
is only utilized in such patients when injected. The flavin contents of 
organs does not vary very much. If there is a very considerable increase 
in intake there is a slight increase in the amount stored in the liver. WTien 
adequate, riboflavin is excreted in the urine in the form of urofla\dn. 
Saturation tests with riboflavin have been carried out by Spies and Elvehjem 
on humans, employing intravenous injections of 200 to 400y per kilo body 
weight, but these workers were unable to detect any correlation between 
the amount of test dose and daily urinary riboflavin excretion. 

Hunum requiremenii of riboflavin . — ^These are still coiyectural, but it is 
estimated that boys under six and girls under seven require 4M units daily 
(0»&-l*2 mgm.) ; boys from seven to ten and girls from eight to thirteen 
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require 540 units daily (1-08 to 1-82 mgm.) ; older children and adults 
require 600 units daily (1 •2-2*6 mgm.). 

Bi Nicotinic acid (Niacin). — Nicotinic acid — B-pyridinecarb-oxylic 
acid — is a member of the B complex. TrigoneUin is its methyl betaine 
and is the form in which it is largely excreted. Its amide— nicotamide — is 
a component of a complex enzyme system : 
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Nicotinic acid is a white crystalline solid, melting at 228°-229° C, but 
soluble in hot water and alcohol. It is one of the most stable of the vitamins 
and is not oxidized or destroyed in the ordinary process of cooking, exposure 
to air, light or alkalis. It can be rendered bacteriologically sterile by auto- 
claving. As an acid it readily forms salts and an amide which are also 
active. There is no established unit ; it was known as a chemical substance 
long before it was identified as a vitamin. 

Distribution and esHmaiicn, — Like other members of the vitamin B 
complex, it is widely distributed in foodstufifs, particularly in meat products, 
such as liver« eggs and salmon, and also in cereals. IAf"hite bread contains 
relatively little compared with wholemeal. The acid is estimated by a 
colour test with 2 : 4-dinitrochlorobenzene, also with eysmogen bromide 
and aniline. In the blood, nicotinic acid has been estimate quantitatively 
by its growth-promoting action on various micro-organisms ; biologically 
by its cure of black tongue in dogs. In general tlie nicotinic acid 
content of most foodstuffs varic*s from 1 to 100 mgm. per 100 gitn. of 
material, and certain crude liver extracts may conti^ as much as 200 to 
800 mgm. per 100 grm. 

Pkpnology of nicotinic acid , — Nicotinic add (like riboflavin) fcnins part of a 
oomi^ enzyme S 3 ;vtem capable of undergoing reversible oxkiation and reaction. 
Two sobsUnoea are essential for fermeiftation— a heat stable co-enzyme known 
as ooeymase and a beat-labile enzyme, zymase. Oozymase is diphosphopyridine 
nocleotidefa complex of one mole<mie of niootamlde, one of adenine, two ofriboss, 
and two of phosphoric acid) and is also known as co-eiisyfiie /. 

Co-^nacymt 11 contains three molecules of phosphoric acid (^phosphopyrkUne 
nndeotide) having a similar structure to co-enzyme 1 with an additioiial moleoide 
df phosidiorio add. The most active part of the molecule Is il^ niootamlde 
oompon^ which reversibly takes on hydrogen. Both oo-enzyme I and II are 
wkl^ <Bitribiited in tiasm, functioning as carriers hi mtmerous oxidation 
nyaUaxm including the tomsfiar of hydrogen finorn metabolites. In nnoom* 
Moated nioorinic add deficiency there is adecieaeein theooenfyinel oontOnt of 
Kver and museJe. The oontmit of co-enzyme I and U in ^ Mood can be 
inoreased by administration of excessive quantities of niootinio add. 

It has been aawrted that nioothdc add » asaodated with poiphy^ 
diiee many madfeidadoDs of pdQag^ sueh ae diarrhom and plkitoaeiiaMvfty. 
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are often found in patients exhibiting toxic porph 3 rrinuria. It^is also claimed 
that the porphyrin output in pellagra is relai^ to the severity of the skin and 
mucous membrane lesions, and excretion returns to normal on a yeast and liver 
diet and with repression of the disease. It js now realised that porphyrinuria is 
inconstant in pellagra and appears to be of no diagnostic value. For instance, 
porph 3 rrmuria may decrease in pellagra without nicotinic acid therapy. 

It is believed that liver dysfunction, which is nearly always present in pella- 
grins, may explain the porphyrinuria of pellagra, either in the form of some 
disturbance in hiemoglobin breakdown with the production of excessive copro- 
porphyrin, or, maybe, the inability of the liver to excrete porphyrin in the bile. 

I^me indirect evidence exists t^t riboflavin and nicotinic acid are linked with 
carbohydrate metabolism, since it has been noted that increase in carbohydrate 
and insulin dosage in diabetics is often associated with glossitis, cheilosis and 
stomatitis and, according to Sydenstricker, these symptoms clear up in diabetics 
after administration of nicotinic acid and riboflavin. 

Pellagrins also show hypersensitivity to insulin, so that symptoms of hypo- 
glyctemia rapidly supervene when pellagrins are injected with small quantities of 
insulin. The injection of 100 mgm. of nicotinic acid into healthy persons and 
diabetics causes a rise in the blood-sugar level. 

It has been suggested that nicotinic acid may play a part in hasmopdiesis, and 
treatment with nicotinic acid may c^use a reticulocyte response in pernicious 
an»mia. Incidentally, the liver extracts used in the treatment of pernicious 
aniemia are potent sources of nicotinic acid. It has also been said to have an 
important function in stimulating gastric secretion and is essential in gastro- 
intestinal motility. Although nicotinic acid, as essential for human nutrition, 
must be derived from food, certain animals, such as the rat and sheep, can syn- 
thesise it. 

Nicotinic acid plays an important part in carbohydrate metabolism of bacteria 
and is essential for complete utilisation of lactic acid. 

Pharmacology , — Though overdosage with nicotinic acid produces toxic 
effects in laboratory animak, none have been observed in man, though the 
amide is better tolerated. It has been shown that a number of pyridine 
derivatives allied to nicotinic acid have a similar action in pellagra. 
Nicotinic acid has a vaso^dilator action which includes flushing of the face 
and neck, sensation of heat, tingling and itching which come on within 
seven to ten minutes and last half an hour. There may be slight dizsdness, 
throbbing in the head, headache, sometimes nausea, vomiting and transient 
abdomin^ pain, but the blood pressure is not affected. Urticaria, palpita- 
tions and cyanosis of the nails have also been described. The vaso-dilator 
action is checked by glycine in doses of 80 to 60 grm. ^ 

Aring and bis colleagues showed that nicotinic acid given intravenously 
increases the rate of intracranial blood flow in humans for 20-60 minutes 
without any significant change in blood pressure. 

Abw^ption, Marage and excretion . — Nicotinic acid is normally absorbed 
from the intestine, but in gastro-mtestinal disease absorption may be 
defective and occasion signs of nicotinic acid deficiency. Indications are 
that it is stored in the liver. Pellagrins usually suffer from liver damage, 
and Uver extract m efficient in the treatment of pella^. Sydenstricker 
showed that livor extract prepared from a patiant dying of peUagia w^ 
effective in the treatment of pernicious anssmia, tbou^ ineffective in 
pellagrins. Nieotinio add is present in Uie blood and excreted in the urine. 
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In normal persons the blood level of nicotinic aci(J ranges from 0*8 to 0*5 
mgm. per cent, and the greater part is in the blood corpuscles. Oral 
administration of 150-800 mgm. of nicotinic acid, or nicotamide, causes a 
variable transitory rise in the blood level within an hour. 

Nicotinic acid is excreted in the urine, partly as such and partly as 
trigonellin. The average excretion of nicotinic acid as trigonellin amounts 
to 60 mgm. in twenty-four hours. 

Human requiremenU of nicotinic acid . — The daily requirement of nicotinic 
acid in adults appears to be 80 to 60 mgm. daily. It has been estimated 
that the minimal requirements to prevent pellagra in man is 8-16*5 mgm. 
daily (0*12 to 0*24 mgm. per kg. body weight). 

Clinical uses of nicotinic acid . — Nicotinic acid has been used empirically 
in the treatment of a number of clinical conditions other than frank and 
subclinical pellagra. Like other vitamins it may act pharmacologically, 
for instance, in stumato-glossitis (endemic glossitis) in the absence of other 
signs of pellagra ; in sprue and sprue-like conditions ; in glossitis associated 
mith Vincent’s spirochastes, or with leukoplakia. It has also been used in 
seborrhoeic eczema, lupus erythematosus and pruritus vulvae. 

Beneficial results have been claimed in the treatment of psychoses 
resulting from defective nutrition. Toxic pyschoses, exhaustion delirium 
and clouding of consciousness may be reliev^ by nicotinic acid. In some 
cases very large amounts (400-500 mgm, qf nicotinic acid) are necessary 
to obtain results. The distressing symptoms of Meniere’s syndrome have 
been relieved. 

As there are certain points of similarity between the symptoms of 
pellagra and sulphonamide intolerance, it has been claimed that nicotinic 
acid, 150 mgm, daily, relieves many of the symptoms and decreast« the 
porphyrinuria of patients undergoing sulphonamide therapy. 

Vitamin B*. — Adermin. — Tliis was isolated in 1989 and its structure 
determined as 2-methyl -3-hydroxy 1-4 : S-dehydroxy-meth}’! pyridine, or 
pyroxidin ; like nicotinic acid, it is a pyridine derivative. In doses of 
60y it is effective in the cure of rat dennatitis in about fourteen days. 
Vitamin forms colourless crystals with melting point at 200-212® C., 
soluble in water and alcohol, stable to heat, but not to light. The method 
of estimation is based on a colour reaction l>etwoen vitamin B*, diazotized 
sulphanilic acid and p-nitraniline. Yeast, liver, cereal polishings and 
pulses are the best sources of vitamin B«. VegetabU« and milk are [Kior. 

Bats fed on diets deficient in B^ develop cutaneous symptoms character* 
ized by a symmetrical dermatosis affecting first the paws, then the tips of 
the ears and the nose, which become red, swollen and cedematous, jl^ere 
is ^d to be a striking similarity between rat acrodynia and chilblains, 
which suggests that a B« deficiency in man may predispose to them. 
Pigs develop a microcytic hypochromic amemia curable by It is 
essential for the nutrition of the d(^, fowl and pigeon and for Streptococcus 
hcmdyticus. Staphylococcus aUms, yeast, lactic acid bacteria and plants. 

Clin^ studm on B, have been made on undernourished patients who 
had clinical evidences of pellagra and beriberi. Intravenous ixneetions of 
pure sratbetic B^ in ^ mgm. doses were followed by great relief and in- 
creased strength. Similarly, large amounts given to pelhqjrins with 
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macrocytic anffimia and to patients with pernicious anaemia caused the 
same relief, though the anaemia was not markedly improved. has also 
been used in pseudohypertrophic muscular dystrophy, in Parkinsonism, in 
arsenical peripheral neuritis, and in Sydenham’s chorea. It has also been 
found useful in cheilosis (angular stomatitis) which is usually associated 
with a riboflavin deficiency. Probably both are essential for the nutrition 
of the lips at the mucocutaneous junction. 

Vitamin C. (Absorbic Acid : Cevitamic Acid) 

Vitamin C forms colourless crystals melting at 192® C. It condenses with 
aldehydes, acetone and other ketones. The reactions of interest and im- 
portance are those dealing wth oxidation and reduction. When dry and 
protected from light, vitamin C is stable for a considerable time, even in the 
tropics. The indicator of efficacy is 2 : 6~dichlorophenolindophenol. In 
solution, the stability of vitamin C depends on many factors. Autoclaving 
at 120® C for twtmty minutes in oxygen at pH 8 results in the loss of 49 per 
cent. Solutions of vitamin C can be stabilized by the addition of small 
amounts of fruit acids, such as tartaric or citric acid. 

WTien vitamin C has been reversibly oxidised to dehydro-ascorbic acid 
by methylene blue it can be reduced by hydrogen sulphide, cysteine and 
glutathione. 

Ascorbic acid has the following fonnula : 
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Dehydroascorbic acid is as potent an antiscorbutic as ascorbic acid. 

Tlie I.U. is 0*05 mgm. of pure /-ascorbic acid. 1 mgm. of vitamin C is 
therefore equivalent to 20 I.U., but this standard is no longer used. 

Distribution. — Vitamin C is present in all living tissites, especially fresh 
fruits and plants. The richest sources are rose hips and haws, black and 
red currants, strawberries, cabbages and citrus fruits. Black currants are 
sometimes as potent as oranges, in which the greater portion is in the peel. 
For the majority of people the potato is the most important source. Bose 
hips in Scotland and N. England contain an average of more than 1000 
mgm. per 100 gmi. of flesh, whilst those from the south contain less. 
Properly 0(x)ked green vegetables are fairly good sources of C. As soon as 
vegetables or fruit are gathered, an .enzyme — ascorbic acid oxidase — is 
liberated, which slowly oxidizes vitamin 0. They should therefore not be 
kept too long before cooking ; furthermore, 25-60 per cent, may be lost in 
the cooking water which is rejected. Stewing and baking tend to destroy 
vitamin C, so that it is doubtful whether vegetable stews in camps and 



408 


VITAMIN DEFICIENCY DISEASES 


institutions, cooked slowly for very long periods, ever contain vitamin G. 
Pry^ definitely destroys it. 

^ere is no appreciable loss in fruit and vegetables kept in cold storage 
by the “ quick-freeze ” process. Ihying in itself does not affect C. The 
antiscorbutic value of fruits and v^etables after commercial canning is no 
less than that of similar foods cook^ by household methods. 

The C content of cows’ milk is very variable. The value drops as soon as 
the milk is withdrawn and allowed to cool. Commercial evaporated or 
condensed milk contains no vitamin C, unless added after processing. 

Phj^ioiogy of vitamin C. — C is synthesized by all higher plants and 
by many animals, except the primates (including man), the guinea-pig and 
some ungulates. A function that has been well established is the rdle of 
vitamin C in regulating the colloidal condition of intercellular substance 
in the animal organism. It was originally shown by Wolhach wid others 
that in the scorbutic animal reticulum and collagen are not formed, 
but amorphous ground substance and fibroblasts only are present. 

Vitamin C is therefore a prerequisite for the formation of inter-cellular 
material in man. 

Teeth and hones . — Vitamin C plays a part in the nutrition of teeth, joints, 
bones and blood vessels. The changes in the teeth are as follows ; changes 
in the odontoblasts, widening of Tomes’ canals in the dentine, in place of 
which porous bone-like material (osteodentine) is formed. Pulp tissue 
becomes atrophied and resorbed. These changes commence in the crown 
and extend to the root. There is no clinical evidence that dental decay in 
man is due to vitamin deficiency, but bleeding, soreness of gums and loosen- 
ing of the teeth do appear to be associated with vitamin C deficiency. 

The histological changes in the bones of scorbutic animals are commonest 
at the costochondral junctions, the distal end of the femur, the proximal 
end of the tibia and the wrist. Bone formation creases, and the osseous 
shell becomes rarefied. Formation of cartilage and bone matrices ceases. 
Vitamin C is necessary for the proper functioning of the osteoblasts. The 
periosteum becomes stripped from the bone cortex and lack of intercellular 
material in the blood vessels leads to subperiosteal haemorrhages. Vitamin 
C is also essential for the formation of callus in the union of fn^tured bones. 

Wound repair. — Vitamin C is necessary tor wound repair and is usually 
present in young granulation tissue, and adjoining skin. 

Hwmopoiens, — Anaemia is fi^uently associated with scurvy, and 
stimulaticm of the bone marrow is sdd to follow injection of C. Clinically, 
many cases of nutritional anemia have been described which fail to 
resjpond to mm, but react to vitamin C, and it is possible that utiUxatifm 
of lion is defective when the store of vitamin C is depleted. 

Infedion and immunity. — A considerable amount of indirect evidence 
has been offered tor a relationship between vitamin G and infectioii* 
Anmial experimento tend to dmw that C has an ctfect on pfodnotkni 

antibody. It also poMesses bactorimdal and bacteriostatic powm and 
inadivates certain toxins, sucdi as those of Chshidiim wdenmem, Bast* 
and BeooiUy it has been soggeated that tbsre 

is close rdatiogisbip between C in the body and the degree ot 
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quantities by the leucocytes, in the bloody and also some support for the 
view that it is important in detoxicating processes in the body. Patients 
showing sensitivity to arsphenamines are said to have low vitamin C levels. 

Ftmdion of vUamin C in tissues , — It is suggested that C is a component 
of a reversible oxidation-reduction system acting as a hydrogen transporter 
or respiratory catalyst. It has been shown, for instance, that alkaptonuria, 
in which homogentisic acid is excreted, turning the urine black, may be 
produced by administration of amino-acid t 3 rro 8 ine on a diet low in vitamin 
C. This vitamin is particularly abundant in the corpus luteum, the 
pituitary, the adrenals and glandular tissue. It is possible that it plays an 
important part in metabolism of the adrenals and may serve to stabilize 
the medullary (adrenalin) and the cortical hormones. 

It is true that certain symptoms of scurvy resemble those of adrenal 
insufficiency. There is also a possible relationship between C and function 
of the thyroid gland. It ’may be that it antagonizes th 3 rrotoxin. 

Carbohydraie metabolism . — When given by the mouth C has no effect on 
the blood sugar level, but, when given intravenously, the blood sugar drops 
in a normal individual. Prom the high C content of active tissues it is 
considered that it is essential for synthetic processes in the cell. 

Absorption and storage . — Vitamin C is selectively absorbed by tissues of 
the intestinal tract, chiefly by those of the small intestine, and it has long 
been known that patients suffering from gastro-intestinal diseases excrete 
subnormal amounts of C in the urine ; there is some evidence that it is 
inadequately absorbed in patients with achlorhydria. 

It is evident that C must be stored in the body, because human scurvy 
takes several months to develop in diets deficient in this vitamin. It 
appears to be stored in organs and tissues with high metabolic activity and 
is present to a great extent in tissues of the yotmg. (The adrenals are the 
organs richest in C and a considerable amount is present in the lens of the 
eye). In normal subjects the vitamin C content of the blood plasma ranges 
from 0*6 to 2*5 mgm. per 100 c.c. 

Excretioii. — Vitamin C is excreted in the faeces and sweat, but the bulk 
passes out in the urine, and the rate of excretion depends upon the intake. 
VrTien administration is continued long enough, the tissues become 
saturated and a rapid rise in urinary excretion occurs. A daily urinary 
excretion of 18 mgm. represents the borderline between deficient and 
adequate intake. Various drugs affect the excretion, especially am- 
monium chloride. Insulin causes a lowered urini^ excretion. 

Determhuxbion of capiUary fragility . — The capillary fragility tests serve 
as a measure of the physiological indispensable mixiimum requirement. 
Prom simultaneous determinations of capillaiy fragility tests and blood 
ascorbic levels it has been found that capillary fri^ty becomes patho- 
logical at blood vidues betw^n 0*1 and 0*14 mgm. of C per 100 c.c. Blood 
vitamin C values above 1*4 mgm. per cent, constitute me threshold value 
and correspond to a state of vitamin C saturation. 

Hmnan raqulranenta. — The indispensable minimum is l^tween 25 
and 80 mgm. a dayn-^4 to 0*5 mgm, per kilo, of bodyweight. The 
optimum is 80-76 mgm. daily, but more is needed in pregnancy, old age 
and acute infections. 
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The foetus withdraws vitamin C from the mother through the placenta, 
and the concentration in the blood plasma of the umbilical cord is one and 
a half to four times as much as that present in the maternal blood at the 
time of delivery. There is a rapid decrease in vitamin C content during the 
first few weeks of life, suggesting that vitamin C should be regularly 
supplied ; the content of ^e breast-fed infant depends on the mother’s 
intake. The requirements of children are greater proportionately than 
those of adults. The requirement of boys from 18-15 is 90 mgm. daily ; 
that of adults from 80-100 mgm. In women this is naturally increased 
during pregnancy and lactation. In all infectious conditions the require- 
ment is increased. , 

Laboratory methods employed for detecting vitamin C deficiency 

— CapUlary fragility t€st, (Rumpel-Leeds test.)— A circular area 60 mm. in 
diameter is marked off in the antecubital fossa and a blood pressure cuff placed 
at least 2*5 cm. above this, pumped up to 90 mm. mercury and maintained for 
fifteen minutes. After the pressure is reduced the number of petechia? is counted. 
The test should be carried out at room temperature and the patient should not 
have had a hot bath on the day of the test or take any exercise within three hours. 

The intradermal test, — This depends upon the power of vitamin C in the skin to 
decolourize the blue dye, 2 : 6— ^chlorophenolindophenol, of which 0*1 c.c. of a 
1 : 400 dilution is injected into the anterior surface of the forearm. When the 
individual is saturate the skin is decolourized in less than five minutes ; un> 
saturated individuals require ten minutes or longer. 

Drinary excretion. — Some authorities consider that the twenty -four hour 
excretion of vitamin is reliable for detection of deficiency. The method of 
estimation is to determine the amount of urine which has to be added to discharge 
the colour of a measured quantity of 2 : 6 dichlorophenolindophenol, but it 
must be remembered that other substances in the urine, such as cysteine and 
thiosulphates, may also act the same way. 

A somewhat similar test has been developed for estimation of vitamin C in the 
serum. 

Clinical uses of vitamin C. — The only disease which specifically 
responds to vitamin C is scurvy, yet its use has been advocatinl in the 
treatment of a number of conditions, such as the zymotic diseases, especially 
diphtheria. It has also betm used in pneumonia, tuberculosis, rheumatism, 
whooping cough, typhoid, infections of the ear and throat, Influenza, 
malaria, dental and oral conditions, haemorrhagic diseases, some foniis of 
pernicious anseraia, skin diseases and to an increasing extent in surgery, 
obstetrics and ophthalmology. 

Vitamin D. (Antirachitic or calcifvino vitamin) 

Several substances are antirachitic. The most important are ; — 

Viiamin (calciferol). This does not occur naturally, but is manu- 
factured artificially by ** activating ’’ ergosterol. 

ViUmin Dj, sterol-T -debydrocholesterol, is the most important naturally* 
occurring vitamin, being formed in the skin by the action of the sun on the 
animaL It has the same action as D,. The chemistry of the sterols is 
extmmely complex. Vitamin D, is made by exposiiig ergosterol to the 
actiim of ultra-violet li^t. The abs<irption spectrum gives bands of 
maximum intensity at 26(^29Sp. Ergosterol is b^t irradiated in solution, 
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but when alcohol is used it is difficult to avoid over-irradiation. If irradia- 
tion is prolonged calciferol is turned into toxisteroL 
Calciferol has the following formula : 



It is a white crystalline substance, melting at 115-117® C. It is stable 
at room temperature and loses its antiraclutic properties at 180® C, but 
is completely stable dissolved in oil kept at 0° C. Biological assay is the 
only means available of chemical estimation. 

Distribution. — Ergosterol is only found in plants, especially fungi, like 
ergot from which it derives its name. D, is found in egg-yolk, butter and 
lish oils. Animals gain vitamin D by eating tissues containing it or by 
dirwt action of the sun’s rays on the provitamin in their own skins. Food 
/>fr iff as a sf)urce of I) is not so important. The formation of vitamin 
app(‘ars to occur on the skin. Thus, in birds it takt»s place in the oil of the 
pnH*n glands, so that when this is artificially removed they develop rickets. 

Nothing definite is known on how fish acquire 1) though it is probable 
that they art» able to synthesize it. 

Ammilation . — In birds and animals the vitamin formed on feather or 
fur is swallowed during pre«*ning and licking, but in man it must be absorbed 
froiii the skin b«»cauBf^ irradiation will cure rickets. Bile is essential for its 
absorption from the intestine, but liquid paraffin or oil hinder, because it is 
thereby dissolvtHl and excrekni in the f^ces. It is also possible that it 
liinders the al)Aorption of calcium and phosphoms. 

Storage . — Various tissues store D for different periods : the brain for 1-2 
wjvks ; the kidneys and liver and blood for 8-12 weeks. Depletion is 
wiused by its excretion into the gut and dt^struction in the body. 

JiachUic dieis . — The composition of the diet has a great efft^t in rickets. 
The usual diet is one wliich contains an excess of calcium and acts by forming 
insoluble phosphates. The bad effect of cereals, especially oatmeal, is well 
known. This is due to the phytic acid of the cereals combining with the 
calcium of the diet, causing calcium deficiency. The amoun't of fat in the 
diet is important as it counteracts the effect of cereals. 

Physiology of D* — Calcificaiion , — This vitamin regulates the meta- 
bolism of calcium and phosphorus, but its mode of action is still obscure. 
During growth long bones increase in length by calcification of the cartilage 
between diaphysis and epiphysis. The cartilage is continuously growing on 
the epiphyseal side, and degenerating on the diaphyseal, which is then 
invaded by capillaries and osteoblasts. Bone salts are laid down in the 
degenerating cartil^e. In rickets the band of cartila^ widens because it 
keeps on growing, but ceases to degenerate, and no calcification tak^ place. 
This rcsnuts in weakening of the bones, with subsequent bending and 
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fracture. The X>ray picture in severe rickets shows these changes ; the 
end of the diaphysis is smooth, with a clear space between it and the 
epiphysis. In rickets the end of the diaphysis is uneven and ragged because 
of the degeneration of the cartilage. The shaft of the bone also shows 
rarefaction. 

When healing commences under the influence of D the first effect is 
resumption of degeneration of the cartilage cells nearest to the diaphysis, 
which is rapidly followed by capillary penetration and laying down of bone 
salts. The r61e of D in calcification of teeth is important. 

The amounts of calcium and inorganic phosphorus in the serum are 
altered ; the phosphatase of the blood is raised in rickets and to a lesser 
degree in osteomal^ia. The skeletal muscles and the smooth muscle of the 
gut lose their tone and the ligaments become lax. Stimulation of growth, 
as apart from the prevention of rickets, is an important function of 
vitamin D. 

The relation of D to the endocrine glands is important and has a stimulating 
effect on the parathyroids particularly, and to a k'ssiT extent on the 
thyroids and pituitary. 

The relation to infection is obscure, especially the effect of cod -liver oil on 
tuberculosis, in which it may possibly exert a specific effect. 

Excessive dosage mobilizes the phosphorus and calcium from the body 
tissues, thus broadly exerting the opposite effect of normal doses. The 
tubules of the kidney and the media of the larger b]<x>d vessels are affected. 
In the aorta athen>matous changes become evident. The serum phosphorus 
and calcium are usually grossly raised. 

Intematiotud Unit , — T^e l.U. is the amount of D equal in antirachitic 
potency to 1 mgm. of the international standard solution, which is equal to 
0-026 raicrogramme (y) of crystalline D, (calciferol). 

Estimation. — The fine test ” ia based on the cure of rickets. This is done 
by feeding identical groups of rats on a rachitic diet until rickets develops. To the 
diet of one group a standard preparation of D is added. The bone devdioped 
during the curative period is stained with silver nitrate and appears as a black line. 

The bone ash nuJhod depends on the {uevention of rickets. Groups of rats are 
fed for four to six weeks with varying levels of the standard fneparatlon being 
tested. They are then killed and the femoral bones ashed, w^n comparison of 
the ash from various groups of animals shows how much calcification has occurred. 

Sources of vitamin D for man. — Sunlight acting directly on the body is 
the most natural source, but when in excess may cause not only severe 
sunburn, bat fever, malaise and shock. The activated fat is apt to be 
washed off by bathing. 

Artificial sunlight, given by either the carbon arc or mercury vapour 
quartz lamp, is an excellent substitute for sunlight and has the same effect 
in prevention and cure of rickets. 

Food.r—^Die dietetic sources of D in normal foods are dairy produce, fish 
and dripping. Oima vegetables contain none. The vahie of aU dairy 
pmduee oepends on the diet and exposure to sunlight of hens and cows. 
Hence eggs contain neariv three times as much D in summer as in winter. 
Milk is an extremely valuable source, and may be artificidQy leinfoseed, 
rither hy irradiatmg the cow or its milk, or hy adding D to the eowV diet. 
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In concentraUd preparations oj natural and artificial D it has been shown 
that 200-600 1.U. given daily as cod-liver oil is sufficient to prevent rickets, 
while 400-800 I.U. of calciferol is necessary to. produce the same effect. 
There is a risk of hypervitaminosis when excessive doses of calciferol are 
taken. 

Human requirements. — If the diet is not grossly abnormal, especially for 
calcium and phosphorus, the amounts required at various ages may be 


stated as follows : 

Premature infants 600-800 I.U. 

Pregnancy and lactation 600-900 „ 

Infants 800-600 „ 

Children at puberty and adolescence . . 800-600 „ 

Adults, male and female . . . . 800-600 „ 


In old age the value of sunlight is often lost, so that the diet should be 
supplemented with cod-liver oil to prevent osteoporosis. 

Diseases due to lack of vitamin D.— The commonest is rickets which, 
contrary to general belief, is still widespread. The rachitic infant develops 
slowly, is liable to infection and does not attain full stature. Rickets can, 
however, occur at any age. Infants have been bom with rickets, and 
" late rickets " or “ juvenile osteomalacia ” may occasionally be found in 
older children, especially during periods of rapid growth. The clinical 
picture of rickets is well-known and may be accompanied by pelvic dis- 
tortion and “ greenstick ’’ fractures. 

Spasmophilia is due to nervous symptoms of which the underlying factor 
is a lowe^ blood calcium. This expresses itself in general irritability, 
laryngismus stridulus and convulsions. 

Ot^ forms of rickets are coeliac rickets, scurvy-rickets, renal rickets and 
osteomalacia. Osteomalacia of pregnancy, hunger osteomalacia and senile 
osteoporosis are fundamentally the same, and are due to lack of vitamin D. 
Tetany is common. 

Effect of vitamin Don the teet*.— In rachitic children teeth tend to erupt 
late and decay early, which appears to be direct effect of lack of this 
vitamin, but in osteomalMsia the teeth do not decay unduly. It therefore 
appears that vitamin D is not necessary for good teeth in either children or 
adults, but it is probably valuable in helping to protect them. 

Symptom* of vitamin D poisoning.— Loss of appetite follows 
(juickly on the sense of well-lieing, and then come loss of weight, weariness, 
weakness and profound mental depression. Death may take place. 

Note,— The remaining vitamins — E, K, P — and other less well-defined 
substances recently described, have been omitted as having little bearing 
on the subject mattw of this book. 
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BERIBERI 

S3^on3rm8. — Kakke ; Barbiers ; Polyneuritis Endemics. 

Defii^tion. — Bmberi is a form of multiple peripheral neuritis occurring 
6ndemically» or as an epidemic, in most tropical and sub-tropical climates, 
and also, under certain conditions, in more temperate latitudes. The 
mortality may be considerable, usually from cardiac failure. 

History. — Beriberi was originally described by the early Chinese physicians, 
and is said to be referred to in the Neiching, a medical work attributed to Hwangti 
(B.c. 2697). The special nature of beriberi was recognized by the Dutch in their 
early years in the East. Later, it was studied by British physicians in India, 
particularly by Malcomsen, Carter, Waring, and Morehead. It was not until an 
epidemic in Brazil that beriberi began to receive attention from a later generation 
of medical men ; and only when Anderson, Simmons, Scheube and Baelz took 
up the subject in Japan was it studied by modem methods, accurately defined, 
and its true pathology apprehended. Scheube and Baelz were the first to show 
distinctly that beriberi isa peripheral neuritis simulating that of diphtheria and of 
alcohol — a view subsequently confirmed and adopted by Pekelharing and Winkler, 
and by most subsequent observers. Mainly owing to the investigations of 
Eijkman, Grijns ( 1901 ), Braddon, Cooper, Fraser, Stanton, Funk, Vedder, Hopkins, 
Hausette, Chick and Margaret Hume, its principal— it may not be the only— 
iBtiological factor has been shown to be a dietary of which the staple ingredient is 
overroiiled rice or other cereal which has been deprived of vitamin B|. 

Geographical distribution.— The area of the endemic distribution of 
beriberi is eo-extensive, probably, with the tropical and subtropical belts. 
It was formerly the scourge of many of the mines and plantations of the 
Malay and Eastern Archipelago. It was apt to break out among the coolie 
gangs engaged on extensive engineering works in the tropics, such as the 
Panama Canal or the Congo Railway. It haunted the Dutch array in 
Sumatra, used to be common enough in the British armies in India and was 
the scourge of the Japanese navy. It is still found in many parts of Japan, 
particularly in her large, low-lying, damp, overcrowded cities. It occurs 
in China, the Philippinfjs, the Eastern Peninsula, India, and Africa. We 
have had accounts of a small epidemic among a group of Western Australian 
natives, and also among Chinese on the eastern seaboard of Australia, a 
continent where beriberi was formerly supposed not to exist. Many yeaw 
ago beriberi broke out in a lunatic asylum in Dublin ; and apparently the 
same disease has been seen in similar institutions in the Unit^ States and 
in France, and also among the Newfoundland fishermen and those on the 
North American coast. Tomasson reported (1988) an epidemic in the 
Westman Islands, Iceland. The diet consisted of fresh fish which, even 
in la^e quantities, is deficient in vitamin B|. Elshout and Lentjes 
desoib^ a similar outbreak amongst prisoners on an island off HoUai^* 
J^idamifgogy and mdemiology. — Sc*, o(rttpari<m.----Beriberi 

att^ks both sexes. It is not nncommon in the breast-fed infants of 
beriberic mothers. This form, called infcmttle beriberi^ may declare itself 
in varying ways. 

Ship bcfibcn. — Baribari is prevalent among the native crews, mote rarely, 
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though occasionally, among the European officers and sailors, of ships on 
the lugh 1 

From 1894 up to 1920, or thereabouts, the disease was common id European 
crews of Swedish and Norwegian ships, which are in far better sanitary condition 
than British ships, and yet beriberi is comparatively rare in the latter. The 
modem explanation is that, sinoe the year named, the crews of the Norwegian 
mercantile marine have been provided, under the terms of a statute, with bread 
baked fmm white flour, or a mixture of wheat and rye, so that their diet is 
inadequate in vitamins. Ship beriberi holds a place intermediate between true 
beriberi and scurvy, and is closely related to the disease found among the Rand 
miners of South Africa. A similar disease has recently been noted amongst the 
whale fishers of South Georgia. In Newfoundland beriberi of both forms is 
found at times when the diet is reduced to a regime of bread and molasses (Ayk* 
royd). A number of cases have been reported fix>m H.M. ships in the Persian 
Gulf. 

Asylum beriberi , — The Dublin lunatic asylum, built for 1,000 inmates, 
had 1,500 inmates crowded into it when beriberi broke out, due to dietetic 
causes. 

i4Stiology. — The earliest investigators of beriberi believed that it was 
a degenerative multiple neuritis indistinguishable from that produced by 
alcohol or diphtheria, and that it was due to an infection or intoxication, and 
much effort 'was diriKsted to the discovery of the poison. All these theories 
are now a matter of history, for they have bnui replaced by the \itamin- 
(leficiency theoiy. 

History. — Lunin (1881) found that mice could not survive on artiflcially 
composed milk. Soctn (1891 ) and Pekelharing ( 1905) postulated some substance 
necessary for nutrition. Eijkman (1890) and later Grijns proved the existence 
of a food deficiency in beriberi. Braddon (1907), later Fraser and Stanton 
established the correctness of these observations in man in Malaya, and Hopkins 
in England devised experiments directed to the recognition of food constituents 
necessary for growth. Funk (1911), in attempting to isoiate the principle 
from rioe-polishings, coined the word rttofutn. The water-soluble vitamin was 
found essential for growth by McCollum and Davis (1916) The isolation of the 
principle was made possible by the work of Sidell (1916). Kimersley and Peters 
( 1924), and finally the isolation of vitamin Bj was effected by Jansen and Donath 
(1926). The chemical constitution was established by Windaus ei al (1932), 
Williams e< al (1935), the synthesis by Williams (1936), Bergel and Todd (1936), 
Andersag and Westphal (1936). 

Thanks to thia pioneer work, we know that the beriberi of the Eastern Penin- 
Hula, of the Eastern Archipela^, of the Philippines, of China and of Jajmn, is a 
sequel of a diet in which overmilM rice b the principal element, that is, rice from 
which the entire pericarp and germ have been removed ; and that in this pericarp 
and germ there is a substance essential to the proper nutrition of the nervous 
system of man and of many other warm-blooded vertebrates. 

If a fowl or pigeon be fed exclusively <mi ** paddi^** that is, rice from which the 
husk has not been removed, it will thrive and very likely gain weight ; but if it be 
fed exclusively on a diet of white rice and grain, that is, rice from which the 
pericarp haji been completely removed, after a short time it will show signs of 
peripheral neuritis, lose weight and, if the exclusive diet be persisted in, die with 
ail the signs of a multi|^ peripheni neuritis. This pUyniwrUia gaUinarum (or 
P • (iolmmbarwmy^^ it Is eldM->-4a evidently the result of the deprivation of some 
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element of food eeaentiftl for the luroper nutrition of the nenroos system oi the 
bird, end the eleiiient is located in the peiioarp and germ of the rice grain (Figs. 
56, 57). Almost miraculous reooTeries in t^ stricken birds take place afoor 
hypodermioinjection of an extract of the germ centre of wheat or other cereal. 

Tlie greater part of the rice grain Is starch, and covering the omitral starch 
core thm is a thin aleurone layer containing the proteid and fat constituents of 
the grain. Externally there is an adherent layer, the pericarp, which varies in 
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54. — Slwwing the 
vsrioiis stages in milUiig 
the rice grain. I, Rice 
grain in the natural 
OMMiitioa enclosed in the 
Imsk or encfosing glnnies; 
Z, After removal of the 
imsl^ hnt retahihig the 
pericani or ** stiver* 
skin ” and the emhryo ; 
Z» After mOling and 
pMUag ; hath ** siiver- 
skin and emhryo are 
removed and the grains 
me ^ pofished ** hy mh- 
Mng with talc betw e e n 
rimepskins. (^r Chick 
and Hume, “ Trane, 8oc, 
Trap, Mfd, and 



Fig. 57.— Diagram of foi^ateal sec- 
tion tbrongh a grata of wheat 
showing (a) alenrone layer of cetts 
forming the ontermost layer of the en* 
dosperm, removed with the pericarp 
dtffiiig mitttag ; (b) pericarp form- 
ing the branny envrieoe ; (e) paren- 
ebymatons cells of m endosperm ; 
(g) embryo or germ. {Bp pmnieekm 
of H. M, SkOwnerp Office, from JOr, 
J. M. HamiWs ** Rep^ on Ike Value 
of Bread made from biffenmi VarMee 
of ITAmt.”) 


cokmr from red to white aooording to tlie variety of the rice. Hio perloarp 
contatas the salta. The grain itodf is covered by a hm^ which io dtamurded 
as chaff. 

. ^ ^ ffom 

m wmch a tayer of water ta allow^ to imnata imtil the grain is alttioot tea# foe 
and thta paddled rice has a nutritiocial valno of apfiroxiniatel^ ooo-tiifrd 
leso than the oamo rice grown under dry rain>fed condftkma; it oonttdno also h 
lom m^t of vitasi^ ^ Chtaose eat moit^ peWriiod tkop immiially 

tftomfoedi vog eto M m, Aortoporf 
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from time to time led to a great increase of beriberi in Malaya. (Set also Chap. II, 
p. 29.) 

Fraser and Stanton showed — and their observations have been abundantly 
confirmed — that the antineuritio element is located in the pericarp of the rice 
grain, in the aleurone layer, and in the embryt) of the grain, that it is soluble in 
water and alcohol, is stable in acid but unstable in alkaUne solutions, is ther* 
molabile — being destroyed by a temperature of 130*^ C. — and that it is dialysable ; 
that it is not a phytin or a fat, and that, although itself not containing phosphorus, 
the amount in any given rice is a reliable indication of the safety, or otherwise, 
of that rice as a staple article of food. Rice containing less than 0*4 per cent, 
of PfOs they considered unsafe, and believed that its persistent use may lead 
to beriberi. 

The polyneuritis of the fowl is identical clinically and aetiologicaliy with the 
[K)ly neuritis, called beriberi, occurring in man. For, as has been both accidentally 
and intentionally done, if the same experiment with rice-feeding be tried on man 
the result is identicral — beriberi is induced. Thus, following the lines of the earlier 
experiments of Fletcher, Fraser, and Stanton, Strong and CVowell conducted a 
series of experiments on twenty -four life-sentenced prisoners, and were able to 
prove (a) the non- communicability of the disease, and (6) its production in man 
solely by means of diet. A siipilar condition has been produced in rats. 

Acting on ihi^e findings, the governments of Singapore and the Federated 
Malay States forbade the use of white or polished rice in their jails, lunatic 
asylums, schools and hospitals, with the result that beriberi, which until 
then had been the cause of an enormous mortality and morbidity, has been 
practically banished. Corresponding results have accrued from the same 
practice in Dutch East Indies, the Philippines, and elsewhere. In India 
d(*cortic4it4‘d rict* is practically the staple diet of many millions, though 
lH*riberi is endemic only in a few circumscribed areas in Bengal and Assam, 
the north-east coast of Madras, the coast of Bunna, and certain river 
valleys. The basal factor in India must be a fundamentally poor diet, 
w'h(‘ther of rice or <jther foi>d grains. The period of development of beriberi 
in nian was determined by Fraser and Stanton as between eighty and ninety 
days. The part that vitamin B|* plays in beriberi is now becoming clearer. 
Walshe (1941) claimed that, both clinically and pathologically, beriberi is 
a typical i>olyneuritis, differing in no essential from other varieties. The 
nervous signs and symptoms are those of a multiple symmetrical nervous 
h^ion, the cardiac manifestations those of polyneuritis. 

It is, however, clear that deprivation of B| alone is not sufficient to 
cause l^riberi in fowls or man, for patients dying of anorexia nervosa do 
not develop polyneuritis. The significance of B^ is in relation to carbo- 
hydrate metabolism, rather than to its direct effect on the nervous system. 
Human and avian nervous systems can be deprived of Bj with impunity 
when no carbohydrates are given. Bi acts as a catalyst in carbohydrate 
metabolism of the nerve cell and heart muscle. In the absence of Bi, cellular 
carbohydrate metabolism breaks down at the stage of pyruvic-acid forma- 
tion. This substance accumulates in the cells, where its presence can be 
detected. It is, however, an error to suppose that pyruvic acid is toxic. 
Peters and his colleagues believe that Bj functions as a co-enx^e in the 
metabolism of carbohydrates and plays a part ih the oxidation breakdown 

• An sciount of tho chwikiry, phyriology mi phiurauwology is givon on p. 400. 

28 
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of pyruvic acid. Therefore accumulation of this acid or of pyruvates in the 
blo(^ and central nervous system, and its excess in the urine, is related to 
the deficiency of It is therefore essential for normal growth and the 
maintenance of body weight. 

Incidence. — The incidence of beriberi is greatest in those regions where 
polished rice and refined cereals form the bulk of the diet. It constitutes 
one of the most potent causes of mortality in Japanese infants. From 
1920-1929 there was an average of 17,000 deaths from this cause in Japan. 
Berberi appeared in the beleaguered troops at the siege of Kut in 1916. 
Balfour stated that every pregnant woman in 8. India suffers from it. 
In S. China beriberi is common in the later months of pregnancy and in the 
puerperium. 

In people living on an inadequate diet the raised basal metabolic rate 
resulting from fever increases the liability to beriberi — as after smallpox, 
cholera or meningitis. In China, for instance, 10 per cent, of patients show 
some reflex abnormality suggesting latent beriberi. Thus, any lowering 
of the general resistance leads to the development of polyneuritis. Breast- 
fed babies bom of mothers suffering from the disease are themselves liable 
to it. 

Pathology. — The post-mortem appearances of beriberi resemble the accepted 
descriptions of peripheral neuritis. There is a degeneration of the peripheral 
nerves — more especiaQy of their distal ends — and there is secondary atrophic 
degeneration of muscle, including that of the heart. Degenerative nerve - 
changes may be detected in the nerve-centres and throughout the implicated 
neurones, as in other forms of peripheral neuritis. There is invariably an in- 
volvement of the vagus, with degenerative changes in its root in the floor of the 
fourth ventricle. Microscopically, the nerve-trucks show changes, from a slight 
medullary degeneration to compl^ destniction of the nerve ( WaUerian d^nera- 
tion). Regenerative processes occur side by side with the degenerative (llg. 58). 
As a rule, some fibres in the vagus and sympathetic escape ; thus, the cardiac 
branches in the heart-muscle and the bronchial and cesophageal twigs are usually 
unaffected. According to Vedder, the membranes of the spinal cord are often 
congested and cedematous ; scattered fibres in all tracts show the same kind of 
changes as the peripheral nerves. Dc^nerative changes are also found in the 
anterior and posterior horn cells, as well as in the sympathetic ganglia. If there 
is aoytiring peculiar about the post-mi^tem appearances in beriberi, it arises 
fix>m the somewhat special implication of the central and peripheral organs of the 
drcalariou — namely, dilatation of the heart, especially of the right side, and great 
accumulation of blood in the right heart and in the veins. In addition, there is a 
maiked liability in many cases to serons effusion into the perioardium, pleural 
cavities, peritoneum, and oellalar tissue. This very mark^ liability to serous 
effusiofi and the tendency to cardiac dilataticm may be said to be more or less 
distinctive ci beriberi as oompaied with other forms iff multiple neuritis. (Edema 
of the cardiac muscle naturally interferes with the normal fluid exchange 
witlim the flhres and therefore with Its oontracUbiiity. According to Mehius, 
whmi vitamin Bj is deficient, full muscular oontracUbiHty is imposrible owing to 
waterabsoiptioa(hydcopio degeneration of Wenckebach). The average weight of 
Urn Japanese heart in beriberi is 368 gnn. (normiU 300 grm.). The enhurgement 
is par^eulariy noHoeabie on the right side, especiidly the right auricle, and the 
walls are paper-tiiin: Without &aht, watm^-retention In beriberi is of the 
neatest importance in elueidating the mechanhon of symptom produetioii. 
CUmna of the lungs also is not uncommmi^ and has, pi^hiy, a paUidkigy 
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similftT to thAt of th© oonn6ctiv6*tiBsue oddeniA. Thor© in no nephritis, but 
pressure congestion of the liver (nutm^ liver). Duodenitis is frequent. 

The general affection of the whole nervous system, involving the central and 
peripheral structures, is identical with the found in diphtheritic or alcoholic 
neuritis. 



Fig, SS.*--Leiigitiidhial section of external |>opUteal nerve in beriberi. 

One medalleted Sbn> in oentre it praottonl^ inlnot ; the oUm thow typicai frasmeiitntion of 
mjeiin thenih with iwi^Qg of nunnlnt of nenm-flbre. 

{From a preparaiion Dr, A, C. Stevenson,) 

Symptoms, Primary Beriberi (Naiuraily-occurring disease ), — Beriberi 
assumes varying clinical forms according to the extent and position of the 
nervous lesions. It is insidious in onset, but it may occasionally be ushered 
in by acute symptoms ending fatally within a few hours without develop- 
ment of any symptoms referable to the nervous system. As a general 
rule, it is classified into two main fonns, according as the peripheral nerves 
or the cardiovascular system are most affected. The former is known 
as parapicme or “ diy ” berberi, the latter as oederaatous or “ wet 
beriberi. It must be understood that in all its forms beriberi is the same 
disease, and that a clinical classification has but a conventional value. 
Sudden death from heart failure may ensue, especially in cedematous casM. 
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Paraplegic beriberi (Pig. 59). — There is a certain amount of anessthesia 
or numbness of the skin, particularly over the front of the tibiae, the dorsa 
of the feet, the sides of the thighs, perhaps also of the finger-tips, and one 
or two areas on the arms and the trunk. Deep sensibility (Abadie’s sign), 
elicited by compression of the Achilles tendon, is usually numbed or 
entirely lost. The calves may be strikingly thin and the gastnicnemii 
flabby, and if they and the neighbouring muscles are handled somewhat 



FI|S. 19.— Ataik or pan^loglc kerBorl. tbowtng cbaractcrlftic 


roa^y, particularly if they areaqueeaed against the underlying bones, the 
patient will call out m pain and try to drag the limb away. Toe and foot-drop 
can frequently be demonstrated. Weakness spreads upwards, first involving 
the extensor muscles of the leg, and then the extensors and flexors of the 
thi^. The skin of the limbs becx^mes shiny. The thenar, hypothenar, 
plantar and arm muscles, like the calf muscles, may be wast^ and flabby 
and fuchibit fitfinllary twitcbings. Very probaUy tmre is a loss of fat, the 
panniculus adiposus being ev^ywhere meagre. If tesi^ electrically, the 
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muscles exhibit the reaction of degeneration. If the knee reflex be tested 
in the usual way, it is at first increased, but after the first week there will 
be no response whatever ; nor can any clonus be elicited, but occasionally 
a reflex contraction of the hamstrings may take place, giving a false im- 
pression of a knee-jerk. As a rule, all the deep reflexes are lost ; but the 
superficial, unless in extreme paresis and muscular atrophy, are usually 
present and more or less active. If, in severe cases, the patient is set to 
button his jacket or to pick up a pm, possibly he has a difficulty about it, 



Fig. 40.— -Paraplegic beriberi, showing wasting of 
extensor muKies anil wrist-drop. 


or perhaps he cannot ; he may bungle and fumble like the advanced ataxic. 
Thefiltres of the affected muscles, when stnick with a patellar hammer, often 
contract locally in a particularly painful manner known as myoedema. 
There may be wrist drop (Fig. 60). 

There is mort^ than ataxia, however, for the hand-grasp is so enfeebled 
that the patient may have a difficulty in holding liis rice-bowl as well as 
in feeding himself. There is no tremor of the hands ; and never, or very 
rarely, is there any paresis of tlie ocular muscles, or of the muscles of the 
face, of mastication, of the tongue, or of the pharynx. The sphincters 
and bladder operate satisfactorilv, and the functions of the alimentary 
canal are carried on fairly well, altmmgh there is often some dysj^ptic dis- 
tension and oppression after fiK>d. If the patient can walk at all, his gait will 
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be markedly aiaxie ; but, in addition to want of co-ordinating power, there 
is great muscular weakness. If he is laid on the bed and asked to raise 
his legs, he is perhaps hardly able to get them off the mat, to cross them, 
or to place one foot on top of the other. Very probably he is the subject 
of marked foot-drop, so that he drags his toes when he attempts, in 

walking, to advance the foot ; 
he has therefore to raise the 
foot very high, letting it fall 
on the ground with a flop when 
he brings it down again (step- 
page gait). His ataxia and his 
muscular weakness, as well as 
the partial anassthesia from 
which he suffers, force him 
adopt a variety of devices to 
assist him in progression. Ab 
though mental symptoms are 
uncommon, defects of memory 
often occur. Lesions of the 
optic nerve have been de- 
scribed, and include concentric 
contraction of the field of vision, 
temporal pallor of the disc and 
retrobulbar neuritis. 

The general health is good, 
for the most part ; the tongue 
is clean, the bowels are fairly 
regular, there is no fever. Loss 
of sphincteric control does not 
occur until very late. Diges- 
tion, assimilation, and excre- 
tion are satisfactory. 

Cardiac beriberi, mt beriberi. 
— Instead of being wasted, as 
in paraplegic cases, the face is 
puffy and heavy ; the lips pos- 
sibly slightly cyanosed ; and 
the arms, iumds, trunk, le^, 
and feet are distended* with 
oedema (Fig. 61 ). It may be 
’ wfik thought at first from the 

^ to ^ CMft BMar, h«7 J. it i* a ciwe of 



natira of the scanty, dark-coloured urine shows that it is of high 
specific ^avity and^ contains no albumin, or onfy a mere trace. Careful 
observatkm disewer that the oedema is somewhat firmer ttian 
that of nephritis and, in not a few instances, that it does not invdve 
the scrotum. Occasionally it is pe^liarly loeaUsed and fugitive. A 
touii and other evidences of dilatation of the heart are wavered. 


HEART SYMPTOMS 


42B 


Occasionally irregularity may be associated with glowing of the heart-beat, 
and heart-block may occur in such cases. The livpr is frequently swollen 
and tender. The lungs may (or may not) present signs of single or double 
hydrothorax, but they themselves are fe^althy. The patient can. hardly 
walk — partly from breathlessness, partly on account of mechanical inter- 
ference by the dropsy with the movements of the legs, partly, perhaps, 
from some degree of paresis. He may have ankle-drop ; if firm pressure 
be brought to bear on the calf-muscles through the oedema, signs of 
hyperaesthesia of the muscles may or may not be elicited. Knee-jerks are 
generally absent, and there is numbness of the shins and finger-tips. The 
tongue is clean, the appetite fair, and there is no fever. But there may be 
praecordial distress and even pain, and, as this is aggravated by a full meal, 
the patient eats sparingly. The amount of urine is generally very much 
reduced — even to a few ounces. 

In this patient, therefore, there are the same signs of peripheral neuritis 
and of dilatation of the heart as in the other cases. In addition, there is a 
somewhat firm cedema, which is not altogether cardiac, but, as its character 
and the circumstances in which it is found suggest, is probably connected 
with the play of transudation and absorption in the connective tissues. 

WTien the heart is examined, if the case be at all recent or moderately 
severe, the impulse is dififuse ; there is epigastric pulsation ; the carotids 
throb t(K) violently ; and there is that peculiar wobbling, pulsating move- 
ment in the jugulars that denotes tricuspid insufficiency. “ Pistol shot ” 
sounds are heard on auscultation over the larger arteries. On percussion 
the pnecordial area is frequently enlarged, perhaps very greatly enlarged, 
especially to the right ; and on auscultation loud bruits, usually systolic 
m rhythm, may be heard. Marked reduplication of the sounds, particularly 
of the second, is noted. The auscuitator may be impressed, in a large 
proportion of cases, by the peculiar spacing of the intervals between the 
sounds. It may be hardly possible to tell by the ear alone which is the 
first pause and which is the second. They seem alike in point of duration 
(tic-tac rhythm) ; so that the sounds resemble the beats of a well-hung 
pendulum clock, evenly spaced, and not, as they are in health, separated 
by a long and a short interval. It wdll also be observed that the heart is 
very irritable, easily quickened by exertion. In addition to peripheral 
neuritis, there is serious disease in the circulatory system, particularly in its 
innerv'ation ; there is dilatation of the right side of the heart, and a state 
of relaxed arterial tension. Paralysis of the left recurrent laryngeal nerve 
by a grossly distended right auricle has been recorded. There is a wide 
range in the pulse-pressure, and Aalsraeer and Richter have shown that 
tliere is almost invariably a low diastolic blood-pressure which can be 
influenced by injection of adrenalin (the adrenalin effect). Pitressin 
raises the diastolic pressure from almost zero to 75 mm. and the venous 
pressure falls ; this beneficial effect may last If hours. 

Usually in well marked oases, the eieotrooardiagram shows distinot changes 
of low voHa^ and an indefinite inverted or flatt^ed T wave in 1» 11 and 111 
leads, ahri^lrlng of the F’-^R interval and prolongation of the Q~--T interval. 

The eardiao enlargemmit in human berib^ was asorihed by Aalsmeer and 
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Wenokeb»ch to oadema of the heart>mu8ole, ^rhich results in an interference 
with its contractile power without disturbance of its excitability. 

Wenckebach investigated a number of cases of cardiac beriberi in the Dutch 
East Indies and Singapore, taking special precautions to inject hardening fluid, 
and he was thereby able to confirm the presence of certain gross anatomical 
changes which are demonstrable during life by radiography. The whole of the 
right side of the heart is enlarged, while the left remains comparatively small ; 
the conus arteriosus takes part in the change. The large systemic veins are 
commonly dilated, and as much as three litres of blood may escape from the 
right auride. The extrapericardial pulmonary vesseb are not abnormally 
congested, llioroscopic examination of the heart muscle after death reveal 
intracellular oedema, sarcolysis, and hydropic degeneration, probably primarily 
due to excess of lactic acid, brought about by defective oxygenation. The 
primary lesion is, therefore, a loss of contractibUity of the heart muscle, related 
to water retention, with consequent loss of peripheral vascular tone. The 
clinical picture and its response to adrenalin and pitressin, together with the 
lowering of diastolic pressure, accord with these findings. 

Aalsmeer employed the results of these observations as a practical test to 
indicate the stage of the disease and response to treatment. The diastolic 
pressure is known as the “ minimum tone pressure,** because it is the pressure 
registered by the sphygmomanometer at the moment when the auscultatory 
bruit disappears aith decompression of the brachial artery. The essence of the 
test is that, when the diastolic pressure is registered, the administration of adre- 
nalin in hypodermic doses of 1 mgm. will be found, if observations are taken at 
five-minute intervals, to bring the pressure down to zero in an uncured case of 
beriberi. That is to say, the auscultatory murmur will persist during complete 
relaxation of the pressure of the artery as long as the patient is under the influence 
ofadrmmlin. 

Cardiac attacks . — Most cases die from paresis and over-distension of the 
right heart, complicated and aggravated by a^dema of the lungs, dia- 
phragmatic paralysis, hydrothorax or hydropericardium. Sudden cardiac 
failare (termed by the Japanese “ Shdsiun is often contributed to by the 
oo-^xistence of pleural effusion, hydropericardium, pan^is of the diaphragm, 
over-distension of the stomach by food or gas, and, alx>ve all, by cedema 
of the lungs. It can readily be understood how any additional ol>st ruction 
of this description would still further tax the dilat^, enfeebled heart and 
detennine the fatal issue. 

Great varidy in degree and combination oj symptoms . — Some cases are so 
trifling that the patients are up and moving about with more or less 
freedom ; others lie like logs in their beds, unable to move a limb or perhaps 
even a inger. Some are atrophied to skeletons, others are swollen out 
with dropsy, and some show just sufficient dropsy to conceal the atrophy 
of mnscles. Though the cranial nerves above the seventh are very rarely 
involved, in some the laryngeal muscles are paralysed, the patient being 
unable to speak above a wUsper or to produce an explosive cough. In 
one or two eases the abdominal and the perineal muscles may be so pro* 
f^dly paralysed that, when cough is attempted, at most a husky expira- 
tion is produced, while the belly is bulged forward and the perineum shot 
downward by the sudden contractiaD of the muscles of expiration^ The 
deep reflexes do not reappear for months, perhaps, after the patient is 
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well in all other respects. In some epidemic outbreaks, as, for instance, in 
Iraq in 1916, an irregular pyrexia, seldom exceeding 100° F., was noted. 

llnceriain course . — Beriberi slowly or rapidly declares itself after an 
incubation period of weeks or months.; it may be preceded by a period 
of intermitting languor, .aching legs, palpitations, breathlessness, slowly 
advancing oedema of legs or face ; or the patient may wake up some 
morning and find that Juring the night he has become dropsical or paretic. 
Thus, the disease may develop slowly or rapidly. Equally uncertain are 
its progress and danger ; witWn a day or a week, or at any time during 
its course, it may assume fulminating malignant characters. It may com- 
pletely subside in a few' days, or it may drag on for months. It may get 
well apparently and then relapse. It may, and generally does, clear up 
completely ; or it may leave a dilated heart, or atrophied limb muscles 
with corresponding deformity. The variety in the severity, progress and 
duration of beriberi is infinite ; but in all cases the essential symptoms are 
the same — greater or less oedema, especially over the shins ; muscular 
feebleness and hyperaesthesia, especially of the legs ; numbness, especially 
of the front of the shins, of the finger-tips, occasionally of the lips ; liability 
to palpitation from cardiac dilatation, and to sudden death from the same 
cause. 

Secondary beriberi . Beriberi manije^fations produced by other diseases. 
Alcoholic beriberi . — It has long been recognized that alcoholic neuritis 
n^mbles in many n^spects the paraplegic form of beriberi. It resembles 
it so closely that in recent years the idea has gained ground that this 
resemblance is more than fortuitous, and that in both conditions there is 
an anteccKlent deficiency of vitamin B,. The thtx)retic^l considerations 
advanc<id by Shattuck have led to the recognition of a variety of intestinal 
conditions in which polyneuritis may occur, such as gastric carcinoma, 
chronic intestinal obstruction, and ulcerative colitis, and, in the opinion 
of some obst^rvers, all thm» should be included under the heading of 
w>€ondary beriben. Cases have been repork^d of alcoholic addicts with 
congestive heart failure and polyneuritis who have recovered completely 
after treatment by rest, a high-calorie diet, and vitamin B,. 

Multiple factors are probably concerned in the production of alcoholic 
b*iribi»ri, including defects in diet and assimilation acting in conjunction 
with increased tissue requirements for vitami/i Bj due to an increased 
raU} or type of metabolism. Many cases of alcoholic neuritis have now 
lH*en cun?d by the continued inj«H!tion of aneurin. Wei^s and Wilkins 
(1986) described the clinical syndrome of cardiac beriberi associated 
with alcoholic gastritis, which resembles the classical form of the disease. 
Alcohol is a significant factor in precipitating beriberi, not only becau^ 
it supplies calories without B|, but also because its metabolic effect is 
similar to that of pure carbohydrate. In response to aneurm the cardio- 
vascular disorders disappear before the polyneuritis. Dysfunction of the 
cardiovascular system resulting from unl?alanced food intake is a disease 
of regular occurrence in America. Tachycardia, followed by bradycardia, 
and gallop rhythm with electrocardiographic changes are consider^ to be 
dmractei^tio of the beriberic heart. 

Strauss thought that the potyneurUis of pregnancy may be of the same 
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nature when pernicious vomiting occurs. In diabetic neuritis also it has 
been showusthat the injection of aneurin exerts an influence upon carbo- 
hydrate metabolism. 

Infantile beriberi. — This form is common in Egypt, the Philippine 
Islands, South China and certain Pacific Islands, and causes a high infantile 
death-rate. In the Philippines especially it was a terrible scourge, account- 
ing for 16,500 deaths aimually, or 28-1 per cent, of total deaths in infants 
under one year. It is not necessary to regard it as resembling adult 
beriberi in miniature, for it differs in many essentials. The disease often 
occurs in the rainy season. It is never seen in Caucasians, rarely in half- 
castes, and should be regarded as strikingly a disease of poverty. It 
usually affects breast-fed infants of mothers who are either themselves 
victims of the disease or subsist on a diet poor in vitamins. In Hong Kong 
Fehily stated that in initial, subacute and acute infantile berilieri breast- 
feeding immediately antedates the symptoms, but in the chronic form 
breast-feeding might have ceased weeks or even months previously. 
Removing the infant from the breast, or administering an extract of rice 
bran, usually leads to a rapid cure. 

Vedder and his American colleagues believed that the disease depends 
upon deficiency during uterine life and after birth of a substance in the 
milk which is essential to the growth and development of the child’s 
nervous system. However, in children who die in this manner no imper- 
fection or lack of development of the nervous system has been noted. In 
the most acute type it is children previously healthy, 1 J to 8 months old, 
who are usually attacked ; after a series of convulsions the child suddenly 
dies of acute heart -failure. In less fulminating cases, vomitii^, dyspnoea, 
dysphagia, and aphonia may precede heart-failure. The child moans in 
characteristic fashion and the beriberic cry is diagnostic. Ptosis is also 
common. The blood pressure is low. The total acidity and free hydro- 
chloric acid in the gastric juice are reduced. Occasionally, chronic cases 
are seen in which progressive weakness and wasting, with periodical 
attacks of vomiting, occur. In neither form has true paralysis b^n noted, 
except that underlying aphonia which was ascribed by Japani!se workers 
tf) a paralysis of the left recurrent laryngeal nerve from pressure by a 
dilated left auricle. According to Chan, the knee-jerks are usually absent. 

Some highly interesting iuggeetions were made by G. W, Bray on the in- 
habitants of Nauru in the Pacific. The death-rate from infantile beriberi In that 
island, amongst breast-fed babies from eight to ten weeks after birth, had 
been approximately 30 per cent, of the total deaths during twelve years. The 
motheni themselves showed no signs of dietetic deficiency, though thdr dietary 
was sin gul ar ly deficient in vitamin Bj. Bray was able to demonstrate the almost 
instantaneous effects of partially-fermented ** toddy (the sap of the coco-nut 
spathe), not only in cure, but also in {u^ventkm. The dosage of “ toddy ** is 
half a drachm twice dally during the first month, one drachm twice daily during 
the second, three times daily from three to six months, uid over that age, three 
to four ounces weekly. In oonsequenoe of this dmple measure the disease 
ceased to exist amongst the Nauruans, while the incidence of a variety of otbar 
disordem, such as bronchitis, pneumonia, furunculosis and otitis media abated. 
It ajmeared that this peculiarly dramatic form of infantile bedbed became 
prevamt since the use of ** toddy ** was prohibited by Cknrenuneni order. 
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The therapeutic action of the toddy yeast in restoring these children is as rapid 
and dramatic as are similar extracts in artificially-produced polyneuritis of fowls 
and pigeons. 

In the acute type of the disease, gastro-enteric, pneumonic and meningitic 
signs and symptoms prevail. There is at first disclination for food, followed 
by extreme restlessness, increased epigastric swellings, paroxysmal crying and 
general anasarca. Vomiting is the first sign of impending death. Dyspnoea 
and cyanosis supervene and the child dies in convulsions (Fig. 62). The tem- 
perature is slightly raised to about 1 W F. 

The diagnosis of infantile beriberi is greatly aided by blood examination : a 
lymphopenia is almost invariably notio^, with a total absence of small lym- 
phocytes. Bray was able to show that the therapeutic action of vitamin Bj 
is greatly enhanced by the synergic influence of vitamin A, as in cod-liver oil. 



Fif. 62.~" Infantile licrihcrL Nauruan child in convubions. Note general 
anasarca. (Dr. D, Bray,) 

Mortality. — The mortality in lieriberi \arie8 in different epidemics 
and in different hH'alilies. On the whole, it is great t»r in low than in high 
latitudes, in the dn>p8ical than in the atrophic forms, in the acute than in 
the chronic. In some epidemics it is as high as 30 per cent, of those 
attacked ; in others as low as 6 [>er cent., or even lower. 

Burnillg Feet.--““ Chachaleh (Somaliland) ; “ B^rasheh." 

This is a very chronic condition which has been recognized in Malaya, British 
Ouiana, West Africa, and Somaliland for many years. Buchanan reported 
on a series of over 100 cases from Somaliland. Pain is usually generalized, 
but may occur in various localities, jiarticularly the joints, and at the back of the 

neck and in the shouldeiii. , . 

In 82 per cent, there was solid oedema of varying degree, whilst there was 
thickimii^f the subcutaneous tissues, especially of the thighs, abdomen, and 
pectoral and deltoid areas in 41 per cent. Epigastric pain is common and 
constipation the rule. The knee-jerks are diminished in 39 per cent, of c^. 
In Malaya. Kingsbury noted sixteen cases, all, with one exception, in Southern 
Indians. The patients complain of severe “ burning feet,’’ usually limit^ to the 
roles, but occasionally involving the lower part of the legs. In some instances 
the paiii was definitely wmee in the mornings and was always mtensifi^ by 
wall^ Sometimes fhero is a definite history This condition is 
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now considered to be a deficiency disease, probably connected with beriberi, and 
also to be curable by administration of vitamin B,. Since Moore, Scott, Landor 
and Pallister have described neurological symptoms (weakness, ataxia, inco- 
ordination and loss of visual and auditory acuity) associated with burning feet, 
Stannus believes that it is a further manifestation of aribofiavinosis (p. 441). 

Diagnosis. — Usually the diagnosis of beriberi is not difficult. Multiple 
peripheral neuritis occurring as an epidemic, or in a place or ship in which 
the disease has occurnMi on some previous occasion may, as a rule, be set 
down as beriberi. Sporadic cases may be difficult to diagnose, espcKsially 
if there is a history of alcoholism, of malaria or of drugging with arsenic. 
The presence, actual or past, of oedema — especially of cedema over the 
shins — and palpitations and other evidences of cardiac implication, are 
significant of beriberi. In the atrophic or paralytic type the jongck or 
“ squatting test is very useful. The patient is unable to assume, or rise 
from, a squatting position ^^ith his hands on top of his head. It must be 
borne in mind that slight anesthesia of the praetibial skin area, slight 
OBdema of the same region, slight hypenesthesia of the calf muscles, and, 
perhaps, impairment or absence of knee-jerk may Ik* the only signs. 
Bheumaiism is rare in the trayics. 

Pyruvic acid determination in the blood is of diagnostic value. Jji acute 
beriberi the bltx>d contains about 2 mgm. per cent. ; in untreated chronic 
cases 1 *5 mgm. per cent, and in those injecbKl with aneurin about 0*5 mgm. 

Meyers introduced two new tests for the diagnosis of bt»ril)eri. The first 
is the development of, or increase in, an audible sound in the ante-cubital 
space after subcutaneous injection of adrenalin. The second and more 
important is the estimation of diuresis after the fasting patient has drunk 
a litre of water. The volume of urine passed every half hour is charted 
for four hours. A normal person excretes all the fluid, but in beriberi 
there is water retention ; this should disappear after treatment with 
aneurin. (Volhard’s diuresis test.) 

Differential diagnosis. — Cases have been diagnosed as cardiac 
disease, tabes dorsalis, muscular rheumatism, progressive muscular 
atrophy, ascending spinal paralysis, and liave over and over again been 
relegat^ to that refuge for ignorance, malaria. There should be no 
difficulty in distinguishing lx‘riberi from tabes dorsalis, by the Argyll- 
Bobertson pupil and the positive Wassennann reaction. In both paraplegic 
beriberi and locomotor ataxia, Abadie’s sign (absence of pain on compress- 
ing the tendo Apbillis) is present. 

Beriberi can be differentiated from alcoholic neurUis by the tremors and 
menial disturbances which are generally obvious ; from arsenical netirilis 
by the pigmentation, the diarrhoea, and digestive disturbances, and by the 
hyperkeratosis of the palms and feet th^t is apt to (kscut in this intoxication; 
from chronic lead-poisoning by the blue line on the gums, the wasting of 
the arm and leg muscles which are most in use, the characteristic sparing 
of the supinator longus, and the basophilic stippling of the red blood- 
corpuscles ; from kUhyrimn by the presence of the knee-jerks and the 
absiaice of muscular hyperassthesia in this affection ; and from triortho- 
eresyl phosphate poisoning (ginger or jake paralysis) which causes a flaedd 
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form of motor paralysis. Tho differential diagnosis from heart disease, 
clironic nephritis, and ancylostomiasis is sufficiently obvious. 

It may be necessary to differentiate Korsakoff’s syndrome, Landry’s 
paralysis or Wernicke’s syndrome. 

Schretzenmayr described the radiographic appearances of the beriberi 
heart. Three stages can be distinguished ; of these the second, with special 
enlargement of the right auricle, is regarded as characteristic of beriberi. 

There are probably other forms of polyneuritis distinct from beriberi, which 
may closely simulate it. Possibly these infectious forms of polyneuritis are 
occasioncKi by an organism as yet undetermined. Possibly also, infective forms 
of polyneuritis o<icur in association with food -deficiency. Thcjse may account 
for sporadic cases in which pyrexia is prominent, and also for isolated outbreaks 
not apparently associated with a faulty dietary. 

Famine cedema (nutritional oedema) is more pronounced than oedema of 
simple starvation, and other causes than mere lack of sufficient nutriment are 
at work. It is most pronounced in the feet and legs, and marked muscular weak- 
ness and ahmentary -tract disturbance an* common. When there was a shortage 
of fats, as in Central Europe during the 1914-1918 war, ocular manifestations 
were frequent. In Java and Haiti a form of malnutritional oedema is prevalent 
among individuals whose diet is inadequate, and amongst infants fed on a 
preponderantly starchy diet over a long period. In these a generalized dropsy, 
similar to famine (edema and oedematous beriberi, is observed. Though resem- 
bling oedematous beriberi, this condition is probably not due to vitamin deficiency, 
but to lack of albumin and fats in the food. Blood analysis reveals a deficency 
in the albumin-content. The condition is curable by a libc*ral dietary. 

Pro^osis. — The tendency to dilatation of the heart is the dangerous 
element in Ijeriheri ; it should always dominate treatment. It is wonderful 
how rapidly it may come on, and how quickly it may prove fatal. Sudden 
deaths, occurring sometimes from syncope — from instantanious failure, as 
well as from the somewhat slower process of increasing over-distension — 
are constantly found. An absolutely favourable prognosis, therefore, 
ought never to ventured, even in the mildest -looking case, nor so long 
as the patient is exposed to the conditions causing the disease, or the 
neuritis appears to be active. That is a lesson which is often, and some- 
times painfully, lx»me in upon the practitioner in beriberi districts. 

Eviderwejf of grave heart-im plication, such as pulsating cerv’ical vessels, 
equal spacing of the intervals between the sounds audible on auscultation, 
enlargement of cardiac dulbess, especially to the right, epigastric pulsation, 
a rapid feeble pulse, a distended stomach, cold extremities, cyanosis, 
dyspneea, and a disproportion in the strength of the heart- and wrist- 
beats, Bxo significant of danger. Paralysis of the diaphragm, of the inter- 
costal muscle, ejciensive serous effusions and very scanty urine are aldo 
unfavourable signs. 

Vomiting . — No one can say when or how soon fatal irapli^tion of the 
cardiac nerves and muscle may take place, hut vomiting is always an 
ugly and threatening symptom. The Japanese regard it as of fatal import. 
Marked dilatation of the stomach has a similar significance. • 

Prognosis is improved if the patient is placed on a non-beriberic diet and 
*8 treated with full doses of aneurin before the heart-muscle or the cardiac 
or respiratory nerves are gravely degenerated. 
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Treatment 

The first and most important thing is the diet. From this, rice, especially 
white rice, should be eliminated, and some article rich in vitamins — such 
as beans, peas, peanuts, barley, wheaten flour (not overmilled), or oatmeal 
— substituted. Apart from other considerations, rice is a bad food for 
beriberics ; it is too bulky. Eggs are valuable sources of the anti-beriberi 
factor, which is not destroyed even when they are dried. Yeast has 
curative properties ; the extract' known as marmite may be given in doses 
of 1*5 grm. daily. Animal food, including fat and milk, must enter into 
the dietary for general nutritional purposes. The worst CRses, particularly 
if there is any sign of serious cardiac implication, should remain in l>ed : 
but the mild cases had letter spend the greater part of the day in the 
open air. 

In cardiac cases, with a view to diminishing to some exUuit th(* bulk of 
blood in the vessels and heart, the seriously affected patients should take 
little fluid, and keep the bowels free by full and repeated doses of some 
saline aperient. Small doses of digitalis or strophanthus seem to do good. 
Should signs of acute cardiac distress appear, full doses — 8, 4, or 5 drops 
of the 1 per cent, solution — of nitroglycerin are mdicatcMl, and intravenous 
injections of ouabaine (a French preparation of strophanthin) to gr. 
may be given. The dose must be repeaU»d every quarter- or half-nour, 
and kept up until the threatening symptoms pass away. In suddenly 
developed cardiac attacks, inhalations of nitrite of amyl, pending the 
operation of nitroglycerin, are useful. Should signs of cardiac distension 
and failure persist and increase in spite of these means, there must be no 
hesitation in bleeding the patient, taking, if it will flow, eight or ten ounces 
from the arm or (this failing for any reawm) from the external jugular. 
Often, as the blood flows, rapid amelioration of the alarming condition 
sets in, and the patient is, for the time being, tidfnl over an acute danger 
and given another chance. The bleeding should l>e repeated if the alanning 
symptoms recur, as they are almost sure to do. Oxygen inhalations, if 
available, are worth trying in cardiac? attacks. Pleural and pericardial 
effusions should be sought, and, if deemed to be interfering in the slightest 
degree with the circulation or respiration, drawn off with the aspirator. 

llie introduction of vitamin B| (aneurin) as a therapeutic agent has 
entirely revolutionized the treatment of beriberi, and its dramatic effects 
are best observed in the acute cardiac cases when given in big doses. 
Hawes, Monteiro and Smith emphasize that it is in the acute attack^ 
which break out without any previous warning that its effects are best 
seen. Wilkinson recommends immediate intravenous injection of 60 
mg^ of aneurin, to be repeated two or three times in twenty-four hours 
imtff serial skiagrams show that tJhe heart has become reduced to normal 
limits. In moribund patients the injection has been made direct into the 
jugular vein with spectacular success. There are two crystalkme prepara- 
tions in u8e*for injecli<m, Betaxan (Bayer) and Bevmva (Hoffman, La 
Boche). These preparations normally contain 2 mgm., but tiie strong or 
forte '' dose is 10 mgm., oi crystalline weurin per e.c. 
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preparation “ Bemax ” is widely used. Crystovibex (Parke, Davis & Co.) 
is aneurin in tablet form, and is issued in two strengths, 883 international 
units (1 mgm.) or 2,281*2 international units (6*7 mgm.). Benerva and 
Betaxan are also issued in tablet form for oral administration in doses 
of 1 mgm. each. 

Hawes originally showed that active extracts of vitamin Bj, when given 
by the mouth, are destroyed in the stomach, but after the injection of a potent 
extract most striking therapeutic effects are noted. In cardiac or cedematous 
cases the patient, even when moribund, at first becomes restless after the 
injection, but no effect is noted in the pulse rate or in the diastolic or systolic 
pressures for an hour or more. If insufficient vitamin B, has been injected, 
there may be a return of the dyspncea, sudden collapse and death. In many 
cases, recovery is extremely dramatic. The dosage varies in different cases. 
The reaction is quantitative, and the results become apparent in the rise of 
systolic and diastolic blood-pressures. 

In advanced paraplegic cases the results of aneurin treatment are by no 
mmns so satisfactory ; whereas pain and subjective dysassthesia are 
relieved, the nervous signs take a long time to disappear. In the Far East, 
(^specially in China, results are disappointing, because patients inevitably 
relapse when they return home and resume their polished rice dietary. 

Breast-fed beriberic infants should be removed from the mother and 
handed over to a healthy wet-nurse, or placed on the bottle. Sometimes 
this is impracticable ; in such cases in the Philippines a preparation of 
extract of rice- polishings, known as “ tiqiii-tiqui,*’ has the reputation of 
being wonderfully efficacious. It is given to the extent of 6 c.c. a day in 20- 
drop doses every two hours. At the end of twenty-four hours the most 
alarming symptoms disappear, and the child is well in tluee days. If the 
case is a very severe one, double doses should be given, and the tiqui-tiqui 
continued so long as there is any aphonia. Under modem conditions 
obviously aneurin is indicated. How found that in the most acute cases 
one injection of 6 mgm. aneurin^ followed by 8 mgm. by mouth, sufficed. In 
chronic cases oral administration is satisfactory. 

Excretion oj aneurin , — The excretion of aneurin in the urine can be 
(estimated, with sufficient accuracy to be of clinical value, by the thiochrome 
method without the use of the fluorimeter. Rapid excretion takes place in 
the first three hours after subcutaneous or intramuscular injt^ction. It is 
suggested that A certain amount of injected aneurin is ejtcreted before 
there is time for it to be stored in the tissues (Marrack and Hoeliering). 

Other measures. — For the atrophy of the muscles and ansesthesia of 
the skin, faradization and mass^ Should be employed as soon as the 
muscular hypertesthesia has begun to subside. Hot-air baths are of con- 
siderable service. Care should be taken that permanent deformity does 
not occur from contraction of muscles. Foot-drop should be counteracted 
by Phelps's talipes splint with an elastic accumulator, and any other 
threatened deformity appropriately met. Relapses must not be risked by 
a return to the original diet. 

Prophylaxis* — In institutions under Government control, or in condi- 
tions in which it can be successfully enforced, there should be a stringent 
rule against the use of overmilled rice. To legislate against the use of 
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white rice in countries in which rice is the staple food would not be politic, 
and could only lead to opposition and defeat the object in view ; but the 
authorities, by educative methods and in other ways, can do much to 
eradicate gradually any prejudices there may be among the natives 
against undermilled rice. The committee on beriberi control of the Far 
Eastern Association of Tropical Medicine (1926) urged upon governments 
that, wherever overmilled rice forms a staple diet, steps should be taken 
to discourage the use of rice from which essential food factors have been 
removed ; that|Safe storage should be provided for imdennilled rice : and 
that the use of accessory foods should be encouraged. 

It is most important that a practical test should be elaborat'd for rice 
which may cause beriberi when used as a staple article of diet . 

As a prophylactic, viarmiie, in small ^^-oz. cubes, may be taken twice a 
week. Military and other expeditions should be w^arned that tiniu>d meats 
are notably deficient in antineuritic vitamins and rtH|uire the addition of 
other foodstuffs to protect against beriberi as well as scurvy. Dried €*gg8 
are especially valuable, but are too expensive to be used on any extensive 
scale. 

Contrary to the conditions in scurvy, the human body dm^s not appear 
to possess any appreciable reserve store of the antineuritic vitamin upon 
which to draw in a dietetic emergency. A constant supply, therefore, of 
the substance must always be maintained. The moral of this is, that for 
the prevention of beriberi for any population living on a restricted diet, 
such as soldiers and sailors on active si^rvice on land and sea, the genn and 
bran of wheat should be included in the manufacture of bread or biscuit 
where the rest of the ration consists of tinned or otherwises presi^rv'ed ftHjds. 
Diets which contain large proportions of starch and sugar should supple- 
mented by foods containing ample quantities of vitamin B|. Where maize 
is the staple article of diet the meal should include the genn. 
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PELLAGRA 

Synonyms .—Mai de la Rosa ; Mai Rosso ; Alpine Scurvy ; Asturian 
Rose. 

Definition and description. — An endemic disease of slow evolution, 
which is undoubtedly connected with dietetic deficiencies, characterized by 
a complexity of nervous, alimentary and cutaneous symptdhis, which make 
their first appearance during the spring months (sometimes the autumn), 
and recur year after year at the same season, remitting more or less during 
the winU^r months. It is for the most part confined to the poorer classes, 
(‘Specially agricultural labourers. The more distinctive features are (a) 
a remitting dermatitis of the exposed parts of the body ; (6) marked 
emaciation ; (c) ^profound depression alternating with mania ; (d) a 
terminal confusional insanity. 

History. — The history of pellagra is comparatively recent. In Spain it was 
first described by Casal in 17(53, under the name of mol de la rom. In Italy the 
disease, under the name of Scarbvio alpinOf was described by Odoardi in 1776 
and by FrapoUi in 1771. The earliest mention of pellagra in France dates from 
1829. We know nothing of the history of pellagra in Egypt before the publica- 
tion of Pruner’s Topographic m6dicale du Caire,” in 1847. In the United 
States of America, although there is evidence of its sporadic occurrence there for 
at least fifty years, before its nature was recognized, pellagra was first diagnosed 
as such in 1907. It is especially prevalent in the South-Eastern States. Dr. H. F. 
Harris, Health Officer of the Oeorgia State Board of Health, estimated that there 
were 60,000 ceases of pellagra in his State, and in 1916 there w ere 150,000 pellagrins 
in the j^uthem United States alone, though during recent years the American 
outbreak has l>ecome milder. 

Since 1912 sporadic cases of the disease have been reported in the British 
^1(1^8. Many of these fall into the category of what is known as “ secondary 
pellagra.” ^ 

Geographical distribution. — Europe : Pellagra is found in Northern 
Portugal, in Spain, in Italy, in the south-west of France, sparingly in Den- 
mark ami in the British Isles, in the Austrian Tyrol, in Hungary, Croatia, 
Dalmatia, Bosnia, Jugoslavia, Bulgaria, Turkey, Greece, Corfu, Roumania, 
Bi^ssarabia, Kherson, Poland and Transcaucasia. A few ca8(:« have been 
ri^ported from Germany. Africa : Algeria, Tunis, Egypt, Spdan, the Red 
8t(a coast, Rhodesia, Nyasaland, and among the Kaffirs and Zulus. It 
has also been recognized in Tanganyika, Kenya and on the Gold Coast. 
Asia: It has been reported from Asia Minor, Armenia, Syria, North Behar 
and Deccan in India, the Malay States, the Philippine Islands, Japan, 
China and Korea. An outbreak of pellagra was recorded in Nanking in 
1920, in Shanghai in 1940, and by French observers in Szechuan. Yu 
reported typical cases in Manchuria. It was especially preyal^t 
among Turkish troops and Armenian refugees in Palestine and Syria during 
the 1914-18 war. Anwricai Canada (since 1914), the United States, Mexico, 

^ Por more (Miiaiad Infonmitloo the mdwr a rtferred to the maiteiiy wmmuT by H. 8. Stannos in 
tbe Trvptmi Mkiin, S8, 10-lS, and 84, S. 
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Central America, Brazil, the Argentine, Barbados, Jamaica, and probably 
other West India Islands, Australctsia : Pellagra has been reported from 
New Caledonia and in Australia (Melbourne). 

Pellagra in Great Britain. — ^According to Stannus, the first authentic 
case in Great Britain was reported by Howden in 1806, the second by Brown in 
1906, and the third by Brown and Low from Shetland in 1909. In 1912 a series 
of six oases was investigated by Sambon and Chalmers, and in 191 3 Box published 
his two famous oases in St. Thomas* Hosjntal. Since then it has come to be 
generally recognized that pellagra is found sporadically in lunatic asylums and 
other institutions, in subjects of general malnutrition. In the statistics of the 
Board of Control in the period 1913-1918, 45 deaths were noted. In 1922 there 
were 21 deaths, mostly from the Lancashire Mental Hospital, Rainhill, and 
during the period 1913-1928 there were 104 deaths from pella^^ amongst asylum 
inmates. 

Epidemiology and endemiology. — An important epidemiological 
feature of pellagra is the marked fluctuation of its prevalence from year to 
year. Thus, there may be long periods of quiescence, followed by years of 
considerable activity during which the disease may be looked u|K)n as a 
new invasion. There is no evidence that pellagra is spread by contagion. 
The sound may associate with the sick and remain healthy. Doctors, 
nurses, and attendants on pellagrins are not known to contract the disease. 
Pellagrous wet-nurses do not infect their charges. 

Associated diseases, such as ancylostomiasis, bilbarziasis, malaria, 
tuberculosis, cceliac disease, idiopathic steatorrhcea, sprue, chronic bacillary 
dysentery and syphilis, play a very important part in favouring the 
development of pellagra, in accelerating its course, in modifying and 
aggravatmg its symptoms, and in determining its mcxle of teniiination. 

Season.-^i all diseases with marked seasonal comiection, pellagra is one 
of the most striking. The pellagra season varies in different localities, but 
is always the same in the same locality. 

In Europe the disease invariably appears in manifest and epidemic form during 
the spring and autumn quarters, the spring outbreaks being by far the more 
severe, the autumnal recurrence often inconspicuous or lacking. In Egypt, 
according to Chalmers, there is a spring invasion in April and May, and an 
autumn recurrenoe in November. In Nyasaland, according to Stannus, pellagra 
seems to prevail chiefly during August, September, and O^ber, which are the 
spring months in the southern hemisphere, and again, though to a lesser extent, 
in January, February, and March (faU recurrence). In the United States of 
America, owii^ to tl» vast extent of territory and great variety of climates, the 
periodical incidence of the disease is necessarily different in different seettons. 
In the Northern States, as in Europe, the disease exhibits the usual well-marked 
double inddenoe, the spring outbreak occurring in May and June, the autumnal 
one in September and October. In the ha south the titsease may appear as 
early as January, and may be met at any period of the year. In Biu'badns it 
seems to prevail more or less from May to Oetobcdr or November. While the 
wkk range of pellagra throughout the wcn^ld might suggest that dimate exerts no 
special influence, the very di^nite seasonal peri^dty shows that climatic factors 
play an important, tho^ indirect, part. 

&ac. — Both sexes are liable, but in different places the disease exhitiits a 
vesy different predilection iot the one or other sex in accordance with the 
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occupations and habits of the people. In the United States it is said to be 
more prevalent in women from 17 to 40 years of age ; the debilitating 
effects of menstruation, pregnancy, and lactation are held to be predisposing 
and determining factors. 

Age , — Pellagra is a disease of middle age, the majority of cases occurring 
between twenty and fifty. Within the endemic centres children are 
attacked, and infantile pellagra is common in West and East Africa and 
Southern China {see p. 441). 

The disease prevails most of all among field-labourers. The 
inhabitants of towns, even of those in the very heart of intensely pellagrous 
districts, usually enjoy immunity. Although it has been stated that 
pellagra is rare in the Jewish race, it is quite common in Palestine, where it 
is confined !o the poor town dwellers, whilst agricultural labourers for the 
most part escape. 

The flooding of some of the Southern States in America by the over- 
flowing of the Mississippi in 1927 afforded a practical example of the 
dietary factor. Pellagra, though common in these States, depends to a 
great extent on economic conditions. The diet of molasses and commeal 
contains very little of the Pl^ factor, and only when the financial conditions 
allow can milk, eggs, etc., be purchased. The failure of the cotton crop 
meant poverty, reduced food, and pellagra. 

AEtiology. — Pellagra was formerly ascribed to the most varied causes, such 
as insolation, poverty, insanitary dwellings, syphilis, irritant oils, bad weather, 
alcohol, garlic, onions, maiaw. Some regarded it as sunstroke of the- skin. 

“ Sun dimmse ” was an old popular name, and certainly the skin manifestations 
of pellagra auv influenced by the action of the direct rays of the sun: This was 
proved experimentally, first by Gherardini, who varied the limits of the eruption 
by systematically displacing parts of the clothing ; and later by Hameau, who 
obtained differently shaped patches of erythema by means of gloves fenestrated 
in different ways. In smallpox, and also in other exanthemata, light has a decided 
influence, more particularly the actinic rays, on the production of skin eruptions. 
Although light may influence the eruption in pellagra, this is no adequate reason 
for concluding that insolation is the cause of the disease, any more than that it is 
the cause of smallpox, and in fact other stimuli applied to the skin, such as 
pressure or exposure to X-rays, may cause the appearance of a pellagrous der- 
matitis. 

PtUagra and maize , — The general opinion was that pellagra appeared soon 
after the introduction of maize into Europe, and that it e^vanc^ pari passu 
with the extension of maize cultivation and wnth the more general adoption 
of the new cereal as an article of food. For these and other refsons maize was 
held by many to be the causative agent of pellagra, just as a certain condition of 
rye was known to be the cause of ergotism ; and, as in the latter case, various 
theories have been propounded to explain the operation of the assumed cause. 

Lombroso and Bellardini, in 1871, &«t advanc^ the theory that the prevalence 
of pellagra in Italy was due to the consumption of diseased maize, and their ideas 
subsequently formed the basis for public measures against the disease in that 
country, as well as in Southern Europe. In Lower Eg 3 rpt, a^ pointed out by 
Wilson, pellagra is common, as compared to Upper Egypt, and it is in the Delta 
that the proportion of land given over to maize is considerably higher than that 
under whnat, so the distribution of pelh^hk in that country omresponds to the 
area of maize cultivation. 

Deeks in 1 91 2, and Funk in the same year, suggested tlmt p^lagra was a disease 
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produced by a deficiency in diet. In 1914 Ooldberger and Wheeler fed a squad 
of eleven prisoners on a rich carbohydrate diet deficient in proteins. After five 
months, six developed cutaneous symptoms suggestive of pellagra (the first 
lesions consisted of an erythematous patch on the scrotum). An experiment in 
the converse direction also proved successful, for, by substituting a rich protein 
diet for one consisting in great part of carbohydrates, they succeeded in 
banishing pellagra from an orphanage asylum in which up to that time pellagra 
had been in evideiioe. In 1917 Ooldberger successfully disposed of the '' infection 
theory ” by obtaining sixteen volunteers who attempted to infect themselves by 
ingesting skin scales and naso^pharyngeal secretions of pellagrins over a period 
of six months. They remain^ quite healthy. In 1919 the commission which 
investigated the prev^ence of pellagra amongst the Turkish prisoners in Egypt 
attributed the cause to a primary deficiency of “biological proteins (B.P.V.= 
Biological protein value). 

The Vitamin Bf Complex. — Ooldberger, who at first believed that an amino- 
acid deficiency was the cause of pellagra, in 1922 obtained evidence pointing in 
another direction. Having discovered that yeast was effective in preventing 
and curing blacktongue in d(^, generaUy considered to be analogous to pellagra, 
Ooldberger and Tanner tried the effect of yeast as a prophylactic in the human 
disease, and found that 30 grm. daily of brewers’ yeast gave complete protection. 
This would supply less than 16 grm. protein, and later it was found that an acid 
preparation of yeast, which contained very little protein -nitrogen, in doses of 
16 grm. daily, was equally effective. A PP (pellagra -preventive) factor was 
therefore postulated in yeast and other foodstuffs. As the result of these 
investigations on man and experimental work on rate, Ooldberger and his col- 
leagues were able to identify the PP factor with a vitamin in the yeast- vitamin 
complex differing from aneurin in its stability to heat and its cUstribution in 
fooclkuffs. 

It was subsequently discovered that the PP factor was in fact composed of 
elements of the vitamin B complex the chief constituent of which was nicotinic 
acid or nicotinamide. Modem opinion is that riboflavin (the typical vitamin B,) 
is concerned in the genesis of several of the more prominent pellagrous lesions. 
“ Aribofiavinosis ” is quite distinctive and has been well describ^ by 8yden- 
Strieker. 

Liver and meat contain a high proportion of nicotinic acid and this explains 
the well-ascertained fact that these substances are effective )n the treatment of 
pellagra in man, as well as of blacktongue in dogs. Nicotinic acid and riboflavin 
have been found to be efficacious in the treatment of pellagra {me p. 443). 

Althoi^ there can be no doubt that deficiency of nicotinic acid causes pellagra, 
the relation of the disease to the amount of this vitamin in food and the associa- 
tion of pellagra with maize is not yet quite clem*. Maize contains less nicotinic 
acid (1-1*6 mgm. per 100 grm.) than wlmt (4 mgm.), but more than rye, millet and 
refined flour. It is possible that the nicotinic add in maize is, in some ways, 
unavailable. 

The imt infrequent occurrenGe of secondary peHagra is probably due to non* 
absorptkm of the necessary vitamins by a diseaiied or non-iffinotioning mucosa. 

Pathology .—Tiw pathological features essential to pellagra may be obscured 
by oom|fficating diseaM, such as badllary dysentery and tuberculods. The 
morbid anatomy is neith^ constant nenr chara^ristic ; for this the ohronidty 
of the disease, the variety of the symptoms, and the many intereurrent affeotioni 
which may arise are respomdble. 

A constant and strild^ feature is the great emadathm. The visoera show 
chronic degenerative ohan^, particolariy fetty degenerathm, and a charmeteristie 
deep pigmentation. The intestinal widls are greatly attoiuated through wasting 
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of their muscular coat, while at the same 4ime the mucous lining is hyperfismio 
and, not infrequently, ulcerated. The liver and spleen are usually atrophied. 
The suprarenal capsules may be atrophied and the cortex may be black, while 
the medulla is whitish and may be the seat of hsemorrhages. The heart is usually 
in a condition of brown atrophy and weighs only 2-3 ounces. 

There may be wasting of the brain, the ventricles being distended by an excess 
of fluid. In the cord the lateral columns and the croaaed p 3 Tamidal tract are 
especially implicated, but the direct cerebellar tracts usually escape. The 
interior cornual cells are frequently atrophied and deeply pigment^. The 
posterior columns do not escape, the med^n portion often being degenerated. 
The degenerative changes in the lateral columns are chiefly in the middle and 
lower thirds of the dorsal region, those of the posterior columns principally in the 
cervical and upper dorsal region. The oerebro-spinal fluid shows little change ; 
there is usually no increase in the globulins. 

Mott remarked on the changes in the cerebrum, cerebellum, pons, medulla, 
and spina] cord that in none of the sections is there any evidence of meningeal 
or perivascular infiltration with lymphocytes, plasma cells, or polymorphonuclear 
leucocytes. All the changes were like those produced by a chronic toxsemia, 
possibly in the manner already suggested. The posterior spinal ganglia cells 
show, in varying degrets a pronounced chromatolysis, swelling of cells, and 
disappearance of NisaFs granules, and ail the anterior-hom cells and their homo- 
logues in the medulla and pons a varying degree of perinuclear chromatolysis. 
With the Marchi method, degeneration is most deflnite in the column of Goll. In 
most cases the afferent tracts are more affected than the efferent. There is 
usually marked chromatolysis of the cells of Clarke's columns. The Betz cells 
of the cortex and the cells of Purkinje showed similar changes, but in a lesser 
degree. In short, the changes in the central nervous system resemble those of 
central neuritis (Adolf Meyer) or of subacute c*<imbined degeneration of the cord. 

Shattuek drew attention to the close setiological relationship between beriberi, 
Korsakoff's syndrome, pellagra, central neuritis, and subacute combined degen- 
eration of the cord. * 

Central neuritU^ which is undoubtedly allied to pellagra, was first described by 
H. H. Scott on sugar estates in Jamaica, and it was subsequently found in Sierra 
Leone and Nigeria. The central nervous lesions are widespread ; the peripheral 
nerves are demyelinated and the posterior root ganglia of the spinal cord show 
degenerative changes. The medulla, cerebellum, basal ganglia and optic nerves 
are also affected. 

Clinical pathology. — There is hypochlorhydria in 40 per cent., and 
quita frequently achlorhydria. In advanced polla^a there is usually 
aiuninia, which is of macrocytic and hyperchromic type in about 50 per cent.: 
microcytic in the other half. The total leucocyte count is not disturbed, 
though there is often lymphocytosis. An indirect van den Bergh reaction 
is usually present in the serum. There is no change in the corpuscular 
fragility ; the plasma albumin is diminished. 

The fiBoes are pale, foul, milky, soapy, sometimes steatorrhoeic. The 
urine is generally alkaline and may rapidly become ammoniacal. It 
may also contain tube-casts, traces of albumin and, usually, indican. 
Much attention has recently been drawn to the excretion of coproporphyrin 
(porphyrinuria) and speculations have been made regarding its significance. 
Some regard it as indicating faulty Uver metabolism ; others as the result of 
abnormal intestinal absorption. As stated by Beckh and Ellinger, it is 
specially found in secondary alcohoUc pella^a, but Spies, Cooper and 
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Blankenhom showed that the amount of ooproporph 3 rrin in the urine 
appears to be proportional to the nicotinio acid intake. 

S 3 miptoin 8 . — The cardinal signs of pellagra constitute the well-known 
diagnostic triad : “ diarrhoea, dermatitis and dementia.” The course is 
generally long and irregular, one of repeated exacerbations and periods of 
quiescence. The initial sjunptoms are composed of mingled psychical and 
digestive disturbances which may recur for years without the appearance of 
sldn eruptions. The patient is pale, has a peculiar lifeless staring look, with 
dilated pupils, and complains of headache, giddiness, and vague but often 
severe pains in the back and joints. The scleras are bluish and kaden 
coloured. The eyelids move sluggishly ; the complexion is muddy. The 
character changes, becoming irritable, amd at the same time stupid and 
morose. 

Observation-s on children in pellagrous families in the United States show 
that many have clinical signs of pellagra. They are below the normal 
weight and height for their years, they make slow progress at school, show 
lack of interest, inability to concentrate and have poor appetites. Their 
hearts are irritable and they may have tachycardia. 

The earliest signs of a pellagrous tendency are difficult to define, as there 
are probably a great many people who suffer from chronic ill-health and are 
really in the pre-pellagrous state. This tendency may manifest itself by a 
peculiar stomatitis with erosions at the angles of the mouth (angular 
stomatitis) (Plate IX). ‘ There may also be an atrophic condition of the lips 
(perUche) to which the Editor drew attention in Ceylon in 1912 in prisoners 
who had been fed on dried fish {see p. 589). The pellagn>us procross may 
not proceed beyond this stage. On the other hand, it may be progressive 
and advance to a fully developed syndrome. Then the gums may l)e 
WoUen and bleed easily, a condition which gave rise to the term ” Alpiiu‘ 
scurvy.” There may be eructations of gas, nausea, and vomiting. Tlu^ 
appetite is variable. The epigastric region and, sometimes, the lower 
abdomen are tense and painful. Constipation may bc^ present, but in rart» 
instances there is diarrhoea of pale fermenting stools resembling Ibose of sprue. 

The peBagfxms rash, — Most observers reg^ the skin lesions of pellagra as 
early manifestations, but they are symptomatic of the underlying con^ 
stiiutional disturbances. At firat an erythema, not unlike a severe sunburn, 
is observable on the parts of the body which are, as a rule, unclothed and 
exposed to the sun (Plates VUI, IX). The eruption is symmetrical and 
duuraeteristic. It appears suddenly, first on the back of the hands and feet, 
then on the forearms, legs, chest, neck, face, and, it may be, on the scrotum 
or on female genitalia, anus and other regions subject to mechanical 
irritation. Patches of erythema are irregukr in outline and intensity. 
Vepr characteristic is a symmetrical eruption behind the mastoid processes, 
a ring or collar round the neck (CasaPs necklace), an4 a butterfly patch over 
^ bridge of the nose resembling lupus erythematosus. The affected area 
is swollen and tense, and the seat of burning or itching sensations which 
be(H)inepaHiealarIy acute m exposure to the sun. The congestion disappears 
eomptetely, but temporarily, on pr^mre. Petechia are common on the 
affected parts; ble£« with dear, opaque, or blood-stained contents of 

* ehmt&Mr'Vbiiofi igriKinxii#, p, Uh 




Fig. 1. Charucteristic inflamed tongue of acute pellagra with 
angular stomatitis. 

Fig. 2. -Early pellagrous rash« with cellular infiltration and pig> 
mentation. 

Fig. 3. -Typical pellagrous rash over occiput and mastoid pro- 
cesses* with formation of “rosary*’ round neck. 
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Plate IX 
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feebly alkaline reaction may form. The eruption usually lasts about a 
fortnight, and is followed by hyperkeratosis and desquamation, which 
leaves the skin rough, thickened, and permanently stained a light sepia. 
This is especially marked on the Wk of the hands and on the elbows, thus 
constituting recognizable evidence of pellagpra. Hyperkeratosis may 
occur on the soles of the feet and as diffuse thickening over the knuckles. 
In severe cases the skin over a large area of the body comes to resemble that 
of a roasted turkey. Ichthyotic changes sometimes supervene and may be 
more intense in winter than in summer. It is on account of this roughness 
of the skin that the disease was originally called “ pellagra ” (an Italian 
word derived from pelle (skin) and agra (rough)). 

Stannus has suggested, as a result of the work of Lewis on the blood- 
vessels of the human skin and their responses, that the skin lesions in 
pellagra are due to the liberation of histamine and its action upon the 
bl(K)d-vessel8, and that tlie mechanism underlying the affections of the 
mucous membranes is of a similar nature. 

Exposure to light appears to be the precipitating factor. Ruffin and 
Smith showed that radiation may evoke not only skin lesions, but also 
asscK'iated oral, gastro-intestinal and neurological manifestations. Since 
injections of p(»rphyrin can sensitize normal persons to sunlight, it has been 
suggested that there may be abnormal porphyrin metabolism in pellagra. 

The burning sensation in the soles of the feet and palms of the hands which 
is such a common symptom in pellagra may be ascribed to the same cause. 

Naturally, the appearances of pedlagra differ considerably in different 
raises. Wliat is an erythema in the European becomes a blackish or 
purplish patch on the skin of a negro. In olive-skimied races pellagrous 
patches assume a sepia colour. 

Implication of tlie nenxnis system is indicated by tremor of the tongue, 
exaggerated deep reflexes, and mid-dorsal spinal tenderness. Coarse 
tremors of the extremities, especially of the head and the hands, are 
frt*quently noted and become more marked as the disease progresses. 
Muscular cramps may occur ; definite ankle clonus, spasticity and extensor- 
plantar response are often seen. The patient suffers from obstinate 
sleeplessness, occasionally from uncontrollable sleepiness. He experiences 
great weakness, especially in the lower extremities, and is subject to 
peculiar attacks of giddiness, with a tendency to fall forwards or backwards. 
Chvostek*8 sign — mechanical irritability of the facial nerves — is present in 
the majority of cases. A very characteristic symptom is pyrosis, or a burn- 
ing sensation down the (esophagus (d 3 r 8 phagia). This fz^uently creates 
the idea in the patient’s mind that his food does not agree with him, or 
even that attempts are being made to poison him. The pupils are dilated 
and there is usually photophobia. The arms may be spastic and movements 
are accompanied by a coarse tremor, which is increase on exertion. 

After the disappearance of the eruption, atrophic patches of skin remain 
in the interdigital clefts, and these, together with muscular wasting, give 
the appeahtnce of washerwomen’s fingers. The hands, in fact, are aged out of 
proportion to the rest of the body. The nails become atrophied and brittle. 

As a rule, there is no marked permanent elevation of temperature, but 
periods of slight fever occur at irr^lar intervals. 
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Progress. — Two or three months after onset the symptoms abate and, 
although the affected skin areas remain dark and rough, the disease appears 
to be arrested. Next spring, however, the whole senes of phenomena recurs 
in a more severe form. The eruption assumes a darker colour. The 
depression of spirits deepens into melancholia, which may have maniacal 
interludes, with a peculiar tendency to suicide, especially by drowning. 
The general feeling of weakness increases ; the patient loses weight and is 
unable to work ; his gait becomes uncertain and somewhat of the spastic 
paraplegic type. The tongue is tremulous. The pains in the head and back 
become very acute, and there may be lightning pains, cramps, twitchings, 
tremors, and even epileptiform seizures of the cortical type. Diarrhoea 
may now be troublesome. 

For several years the disease may thus recur in the spring with increasing 
severity. The patient becomes greatly emaciated , paralytic, and completely 
demented. Helpless, bedridden, suffering from incontinence of urine and 
uncontrollable diarrhoea, covered with bedsores, and neglected, he dies 
from exhaustion or from some intercurrent disease. 

The duration of pellagra is exceedingly variable. It may last only two 
or three years ; it usually extends to ten, fifteen, or more. 

Cases differ considerably. The obscure forms are probably much more 
common than the fully declared disease. They were formerly known — 
somewhat incongruously — as pellagra mte pellagra, 

Ariboflavinosis. — The rib<)flavin deficiency syndrome is now regarded 
as typical of ** pellagra sine pellagra." The following signs are character- 

istic of it : angular stomatitis* 
and facial Unions consisting of 
filifonn seborrhoLUC excrescencx^s 
{dyssebacia), varying in length up 
to 1 mm., sparsely scattered over 
the face. The mouths of the seba- 
ceous glands are phiggtHi with in- 
spissated sebum, giving the skin a 
roughened appearance, w^hich on 
the shoulder, arms and legs is known 
as fjfmfnodemta or toad's skin. The 
eyelids show dermatitis liwoiis, may 
W macerated and stuck together. 
Fissures and maceration at the 
angles of the mouth are seen, and a 
degenerative emst-like formatipp 
on the epithelium of the lips, most 
marked on the lower. Tne lips, 
particularly the lower, frequently 
show a marked increase in the ver- 

scribed : the tongue is clean, 

* ctirikNSii,*' «|>t)lksa br miiSm of memth, ■boo^ 

Cor kaom on the lifni. 



SL— Avitsfliiaeib 8$ in a West 
African ncf ra. QuineimMc fades of 
aHMbwinoda* {Dr. D. FkzgerM 
Moore.) 
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papillae flattened or mushroom-shaped and the colour definitely purplish 
red or magenta, in contrast to the scarlet tongue of nicotinic acid 
deficiency. (Plate XVIL) 

The ocular manifestations are burning, lachrymation, photophobia, 
blurred vision, inability to see in a dim light and visual fatigue. The 
earliest and most common sign is circuincomeal injection and, when viewed 
by a slit lamp, there is marked congestion and proliferation of the hmbic 
plexus, with the production of great numbers of narrow capillary loops. 
The lesion progresses to vascularization of the cornea within a week, if 
treatment with riboflavin is not given. Eventually keratitis is produced, 
similar to that associated with acne rosacea, which is also amenable to 
riboflavin therapy. It is probable that ariboflavinosis is also responsible 
for retrobulbar neuritis, which may also be part of the pellagra syndrome 
(see p. 408). 

Other less marked varieties (Formes frustes). — Corkhill and others 
have pointed out that there are quite a number of subclinical cases in 
which physical signs are less obvious, but symptoms appear only after 
undue fatigue. 

In some the nervous symptoms predominate, in others the gastro- 
intestinal ; in others again the cutaneous. Forms of hyperacsthesia may 
occur in different regions of the body, especially the feet (p. 427). Ocular 
symptoms, such as ptosis, diplopia, retrobulbar neuritis, amblyopia, 
mydriasis, are not uncommon. The Plummer- Vinson syndrome of glossitis 
and dysphagia, with angular stomatitis, koilonychia and aneemia, in aged 
women is possibly a pellagrous manifestation. 

Infantile pellagra. — Pellagra in cliildhood is very apt to be overlooked, 
especially in native races. The children become irritable, their skin and 
hair tend to lose the normal colour and glossiness, and there may be attacks 
of diarrhoea with transient oedema of the hands, feet, and face. After ten 
days or so pigmented patches appear on the skin of the extensor surfaces 
about the ankes, knees, wrists and elbows, and these blackened patches 
appear first where there is any focus of irritation or pressure. Trowell 
describtMl infantile pellagra in E. Africa as a syndrome of which the principal 
signs are (edema, (lerinatitis and diarrhoea ; similar cases from W. Africa 
were d(^scribed by Williams as “ kwashiorkor.” This is an acute form 
with nutritional redema and decreased sennn albumin. Infantile pellagra 
has also been reported in American negroes, from Mexico, Cuba, Costa 
Bica and 8. China. 

Pellagra t)rphU8. — In this very acute type there are intense prostration, 
high temperature, muttering delirium, pronounced nervous tremor, 
generalized rigidity, and convulsions. Li extensive outbreaks of pellagra, 
such as occurred among the Turks during the 1914-1918 war, cases of this 
description were comparatively common. 

TennvnaX stages, pellagrous insanity : — Mental symptoms supervene in 
one-third to one-quarter of all oases. 

It has been estimated that from 4 to 10 per cent, become permanently 
insane. In the United States of America pellagrins are becoming numerous 
in the lunatic asylums. The type of insanity is usually a most profound 
melancholia with a suicidal tendency ; cases may resemble in their clinical 
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features general paralysis of the insane. Epileptiform convulsions may 
occur. 

The time of the appearance of mental symptoms is subject to the widest 
variation. They may be primary symptoms, or occur during con valesc ence . 
The mental aberrations may be characterized by profound dementia, 
hallucinations, and katatonia. As a rule, restlessness, vertigo and in- 
somnia anticipate the characteristic melancholia. In general, the patients 
exhibit anxiety neurosis with depressive features. Pyschosensory dis- 
turbances are common, with intolerance of bright light, colours and noises. 
The patients are fidgety, quarrelsome and irritable. In spite of increased 
motor drive, they complain of weakness and fatigue. 

Not only may pellagra lead to insanity, but those insane from other 
causes are very liable to pellagrous manifestations. Goldberger found that 
in certain asylums in the United States the number of lunatics developing 
pellagra each year was a constant proportion of the total. In England, 
pellagra has b^n noted in lunatic asylums since 1913. Watson, in a review 
of the pellagra cases in the Bainbill Asylum, Lancashire, found that at the 
time of onset they had been resident from six months to several years. 

Secondary pellagra. — Pellagra due to voluntary restrictions of diet 
has been recognized by several observers during recent years. Mook and 
Weiss described the typical clinical picture of pellagra in a young woman on 
a slimming diet ; Mumford, Carley and others found it ifi matures women 
who, for some faddist cult, had l)een subsisting on an unbalanced dietary : 
Guthrie, Green, Walker and Wheeler reported similar phtuiomena in 
patients on a ketogenic r^me. 

Pellagra in all its varied manifestations may be associated with some 
organic lesion in the gastro-intestinal tract, such as oesophageal stricture, 
^cinoma of the stomach, pyloric ulc^er, pyloric stenosis, carcinoma of the 
ileum, stricture of the rectum, rectal polyposis, suppuratmg hydatid cyst, 
chronic amoebic dysentery, cceliac disease*, or idiopathic steatorrhoea ; 
the Editor recorded one case in association with spnie. When the avitamin- 
osis follows surgical operations, such as partial colectomy, on the gastro- 
intestinal tract or elsewhere, it is known as surgical pellagra. Alcoholic 
pellagra is applied by American observers to the disease in chronic alcoholics, 
especially those who drink methyl alcohol. It has been suggested by 
Stannus, by way of explanation, that gastritis is the one common factor 
which support^ the hypothesis that, primarily, in pellagra the fault may lie 
in the intrinsic factor of the gastric juice. 

Diagno6ls.-~I>bubtfulcasesare occasionally encountered, but localized 
erythema associated with nervous, particularly mental, symptoms, great 
debility, and seasonal recurrence, in a p(?r8on in or coming from a pellaj^ous 
district, hardly be confounded with any other disease. The rash 
may be mistaken for acrodynia, erythema multiforme, dermatitis venenata^ 
ec^ma solare, tr^e dermatitis, lupus erythematosus, syphilis, or 
poison-ivy dermatitis. “ Crazy pavement skin lesions, which are common 
on the legs of ill-conditioned natives, are not necessarily pellagrous. The 
gastro-intestmal disturbance and glossitis have to be distinguished from 
sprue ; while the nervous manifestations have to be differentiated from 
hysteria, cerebral syphilis, general paralysis of the insane, ergotism, and 
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lathyrism. In old people with arterio-sclerotic changes and accompanying 
mental symptoms, there may be lesions of hands and feet which may be a 
source of confusion. “ Pink disease ” in children may also be mistaken 
for pellagra, as the distribution of the skin lesions is very similar. 

Treatment. — After the end of the 1914-1918 war and the formulation of the 
biological protein theory, many workers, notably Goldberger and Wheeler, noted 
that improvement in the pellagrous lesions, and even in the nervous involvement, 
followed a liberal dietary rich in proteins and in vitamins. Then ensued a period 
in which liver and yeast extracts, notably marmite, were given an extensive trial, 
but it was generally conceded that, though the therapeutic secret was locked up 
in the vitamin-B complex, vitamin was not the main factor. 

In 1937 Elvehjem, Madden, Strong, and Wooley reported the cure of black - 
tongue in dogs by the administration of nicotinamide prepared from yeast. 
Shortly afterwards Spies, Cooper, and Blankenhorn recorded the successful treat- 
ment of human |iellagra cases. These patients were in hospital and received a con- 
trolled basal diet, upon which alone symptoms had shown no improvement. 
Relatively large doses of nicotinic acid were given — 40-80 mgm. by injection, or 
2(X)-1,5(K) mgm. by the mouth within a period of twenty-four hours. Almost 
simultaneously, Fonts, Helmer, Lepkovsky, and tlukes reported the cure of four 
ceases of “ alcoholic ])ellagra ” treats on the same lines, there being improvement 
in the mental condition, stomatitis, and the intestinal disorders, as well as 
cure of the dermatitis. Spies, Bean, and Stone (1938) then published a series of 
73 cases of endemic pelhigra and 99 of “ subelitiical pellagra ", and stated that 
they had not observed a single acute case that had not responded promptly to 
nicotinic -acid therapy. Also, in a special study by Spies, Aring, Gelperin, and 
Stone of OO casirs showing acute mental disorder, improvement was observed 
w ithin periods of ten hours to six days after nicotinic acid medication, the daily 
dosage being 600-1, (XK) mgm. by mouth, or 100 mgm. intravenously. Further 
confirmation soon came from Matthew's, w’ho studitrd 13 cases of classical endemic 
pcdlagra maintaincKl on a pellagra dietary. Tlu^ favourable results in American 
f)ellagra have received a considerable degree of confirmation in the hands of 
Alport, (vhaligoungui, and Hanna in Egypt, and also of Ellinger, Hassan, and 
Taha (1937). They treated 16 cases with nicotinamide (Merck), the dose being 
1 grm. daily by the mouth or 0*6 grin, by subcutaneous injection. On the 
whole, they found that acute inflammation of the tongue and ulceration of 
the mouth subsided in five to seven days, and the sense of taste returned in 
the same time ; in one case colic supervened almost immediately, suggesting 
intolerance. Thus nicotinamide effect^ great improvement in the acute mucous 
membrane lesions, as well as in the skin condition ; on the other hand, chronic 
skin lesions, friction areas and chronic changes in the tongue were only slightly 
affected. I'he appetite, mental condition and general physic.al health were all 
improved. Grant and Spies recorded that ptyalism, Vincent's infection and 
coproporphyrinuria disappeared, and Hawksley found great change in the 
follicular hyperkeratosis on and around the nasodabial folds. 

Since the discovery of ariboflavinoais as part of the pellagra s^drome 
rnoat authorities n>inforce treatment with riboflavin tablets in doses 
of 1-8 mgm. daily. During the recent outbreak of pellagra in Hong 
Kong Wilkinson found the effects of intravenous nicotinamide injections 
almost dramatic. Patients who were disorientated, rambling in speech 
and unable to co-operate or swallow, became hungry and rational within 
72 hours, (In acute pellagra the blood nicotinic acid was found to be 0*81 
mgm, per cent, and to rise on treatment to 0*55 mgm . per cent.). In cases 
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with rapidly increasing reduction of visual acuity, associated with con- 
centric constriction of fields of \u8ion, response to nicotinic acid and 
riboflavin daily changed the vision from 6/60 to 6/9 or 6/6 within a week. 

The evidence that nicotinic acid is a specific cure for pellagra and for the 
somewhat similar nutritional diseases produced by maize diets in dogs and pigs 
(Chick, Macrae, and Martin) thus appears to be conclusive, and it is now reason- 
able to ascribe the curative value of liver extracts and yeast, formerly observed 
in pellagra, to their nicotinic acid content. Ruffin and Smith (1937) found 
that, whereas crude liver products were effective in relatively small doses in 
canine blacktongue and in pellagra, larger amounts of more purified extracts 
were ineffective. These observations, which suggest that a combination of 
two substances is needed to correct deficiencies in diets which induce black - 
tongue and pellagra, are difficult to reconcile with the curative effect of such 
simple substances as nicotinic acid and nicotinamide. 

The reaction to nicotinic acid in normal individuals is tingling and 
increased warmth over the malar regions and neck. Sometimes nausea, 
vomiting, abdominal cramps and urticaria may ensue. Nicotinic acid 
and nicotinamide are now dispensed in a convenient form in tablets of 80 
to 50 mgm. each. In mild cast^ 50 mgm. is given thnH> times daily (150 
mgm.) for ten to fourteen days, and double that quantity (800 mgm.) in 
more severe cases. The effwt of this treatment upon the p<*llagrou8 rash 
is impressive. Overdosage causes some tingling and numbness of the 
tongue, and also in the lower jaw along the course of the inf(*rior dental 
nerve. This treatment should, of course, bo backed up by a lit)eral protein 
dietary. Riboflavin in maximal df)8^ (8 mgm.) should be added in cases 
exhibiting signs of ariboflavinosis. The most striking and most easily 
observable effect of this mode of treatment is seen in the amelioration of 
the tongue and month symptoms. It has a profouml effect upon tin* 
psychology of the patient as well as on the proc4^t*s of digestion and 
assimilation. 

The treaimeni of nientai symptoms. — Spi^^, Aring, (ielpt^rin and Bean 
submitted 60 cases with mental manifestations to treatment with nicotinic 
acid, in maximum doses, and coramine (the diethylamide of nicotinic acid). 
These cases showed loss of memory, delirium, mania, or depn^ssion ; some 
had a paranoid reaction. Recovery kwk place in all within six days. 
KorsakofiTs psychosis and manic depn^ions were not influenced in the 
same way. Coramine is injected in d<^es of 2'-5 c.c. daily by the mouth to 
a total of 20-50 c.c. 

Treatment leilh allied preparations. — C?ertain of the pyridine carboxylic 
acids exhibit anti-pellagrous properties. Bills, McDonald and Spies found 
that pyrazine 2-8 dicarlxixyhc and pyrazine monocarboxylic acid act like 
nicotinic acid, curing glossitis and dermatitis. Vilter and Spies claimed that 
quinolinic acid (2-8^icarboxylic acid of pyridine) has a therapeutic action 
on the tongue and mouth symptoms. 

Prophylaxis. — In view of the volume and importance of recent re- 
searches in this field, it is evident that the prophylaxis of pelIl^pra is bound 
up in public-health measures and especially in ensuring a well-balanced 
protein diet^. Whether pellagra can be prevented by the prophylactic 
administration of nicotinic acid and riboflavin remains to be seen. 
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SCURVY IN THE TROPICS 

IjPIDEmics of scurvy are apt to occur among gangs of coolies and labourers 
who are fed on an unsuitable dietary, especially in natives recruited for 
labour purposes and fed upon dried cereals and preserved foods, who 
previously had been in the habit, in their o^m villages, of subsisting on large 
quantities of fresh vegetables and fruit such as bananas. 

Etiology. — Scurvy is a food-deficiency disease. It is produced, not by 
general starvation, but by the absence of an accessory food factor, or vitamin, 
which can now be prepared synthetically and is known as ascorbic acid. This 
body (p. 407) is present in all fresh vegetables, including swedes, turnips, and 
onions, and in fresh fruit, especially the orange and lemon. It is very sensitive 
to prolonged heat and drjnng, and therefore is absent from tinned fruits and 
vegetables, and from dried legumes such as peas and beans, but re-appears 
directly the latter are induced to germinate. Yeast, fresh meat, and milk contain 
only small quantities of the antiscorbutic vitamin, and, curious to relate, according 
to (^hick and Hume, preserved lime juice little or none at all, while preserved 
lemon-juice is rich in this substance. 

History. — Scurvy was found to be prevented by diet by Kramer (1720) ; 
Lind's “ Treatise on Scurvy was published in 1857 ; infantile scurvy was recog- 
nized as a dietetic disease by Barlow (1883). Laboratory experiments by Holst, 
Frdlich, Zilva, Mellanbv and others (1^7- 1929) led to the discovery of vitamin C. 
The identity of vitamin (' and hexuronic acid (ascorbic acid), suggested by 
Tillmans and Hirsch (1928) was proved by Szent-Gyorgyi (1928). The con- 
stitution was established by Haworth, Hirst and Reichstein (1933), and synthesis 
effected by Haworth and Reichstein in 1934. 

Symptoms.— The onset of scurvy is insidious, with loss of weight, progressive 
weakness and pallor, and a feeling of stiffness in the leg muscles. The gums soon 
l>ecome affect^ with a swelling and sponginess of the alveolar margin. As the 
disease progrcssc^s, fungating masses project beyond the teeth, which 
loosen and fall out. The tongue swells, the salivary and lymphatic glands 
enlarge, and the breath becomes very foul. The skin becomes dry and 
rough, and very soon subcutaneous petechisB form on the limbs and trunk, com- 
mencing around the hair follicles, especially on the thigh (Fig. 64). Hemorrhages 
occur into the muscles of the thigh and into the knee-joint. Very painful 
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efFusions under the perioeteuin form irregular nodes, which may break down and 
ulcerate. (Edema of the ankles is common, and hfiemoptyais or haematemesis 
may occur. Any injury is apt to cause a hwmorrhage. 

Together with these objective symptoms the patient experiences cardiac 
distress, with irregularitj' of the pulse and haemic bruits at the apex. The urine 
is generally loaded with albumin. On the other hand, the digestive system is not 
disturbed, constipation being more common than diarrhcea. The psychical 
disturbances are pronounced. Headache is noted early, and delirium supervenes 
in the later stages. In the most advanced cases the jau -bones generally become 
necrotic. 

In the young the formation of a “ scurvy rosary at the junction of the costal 
cartilages, and separation of the epiphyses of the long bones, may occur in a 
variety known as infantile scurvy, or Barlow’s disease. 

Scurvy was formerly noted as endemic in the mine- workers on the Rand. 
Darling and others observed that a certain proportion of these cases was distinct 
in a clinical sense from those 8c*en elsewhere. In this variety, known as Rand 
scurry, the spongy gums and loose teeth that occur in the classical t^^pe of the 
disease were absent, while the heart underwent primary hypertrophy, with subse- 
quent dilatation, suggestive of beriberi, though the neuritic symptoms of l)eriberi 
were absent, and the knee-jerks exaggerated. Rand scurvy occurred especially 
among gangs of native labourers when fed upon an unsuitable dietary, particu- 
larly natives from the Congo and tropical Africa, who were in the habit of consum- 
ing large quantities of fresh vegetables and fruits, and w'ho, when in the mines, 
were M on dried cereals and preserved foods. The number of these cases was 
very large indeed . Donaldson reported that in 1 920 more t han 200 cases of scurvy 
were treated in one hospital, of which one-third occurred w ithin tl^ree months of 
entering the mines. It was found that scurvy in these* natives predis{K)sed to all 
kinds of bacterial infections, and especially to pneumonia. Where the diet was 
deficient but not entirely lacking in vitamin C, actual symptoms of scurvy did not 
manifest themselves, hut such individuals were very liable to bacterial infections 
owing to degenerative changes in the bone-marrow. 

Diagnosis. —To diagnose scurvy under modem conditions is no difficult 
matter ; but care must be taken to distinguish mild cases from pyorrhoea 
alveolaris. A method of diagnosis in the early stages, especially in children, 
was devised by Hess. The arm-band of a sphygmomanometer is placed upon 
the arm and inflated untd the pressure reaches 90 mm., and the venous circulation 
is shut offi. This pressure should be maintained for three minutes and then 
released. As soon as the cyanosis fades, an examination should be made for 
the petechial spots which may confirm the diagnosis of scurvy. This test 
depends on increased fragility of the capillary endothelium. Rotter introduced 
an intradermal Ust writh dic^rphenol-indophenol. (For the technique of this 
test, as well as of the demonstration of vitamin C in the urine, see p. 410.) 

Bifierential diagnosis has to be made from blood diseases such as leukemia, 
and essentia] thrombocytopenia (onyalai, see p. 673). 

Treatment,— This is chiefly dietetic. The disease, if recognised early, readily 
yields to a diet composed of fresh fruit and vegetables ; wlmn these are unpro* 
curable, fresh meat can be substituted, but is by no means so satisfact^. 

Raw onions are very valuable antiscorbutica, and raw potatoes and aweekM 
have a definite curative value. Cianned vegetables, except canned tomatoes, 
are useless. 

For natives, the most valuable antiscorbutic foods are onlnge, lemon, and paw^ 
paw juice, sweet potatoes, and green mealies. Incompletely fermented beer, 
such as the Kafifr beer, made from germinating grain, is said to be of oonsidemble 
value, but ibis is doubtful. 
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Vaughan, Hunter and others reported brilliant succjesses in the treatment of 
scurvy with synthetic ascorbic acid. Many cases were reported by Schultzer, 
Parsons, Harris, Ray, and 8zent-Gy6rgyi ; 40-100 mgm. of ascorbic acid are 
given intravenously to an adult for ten days with success ; to infants 30-60 
mgm. daily by the mouth for about fourteen days. 

Germinating peas are useful when fresh vegetables are unobtainable. The 
following method of using peas and other puls^ is recommended by Chick and 
Hume : 

SuaoKSTKD Mkthops of preparing Pea.s, Lentils, or other Pulses for the 
Prevention of Scurvy, in the Absence of Fresh Vegetables 

1 . The dry seeds must be whole, retaining the original seed-coat, and not milled 
or decorticated. 

2. They must be soaked in water for several hours ; the time necessary depends 
on the tempc»rature-~24 hours at 60"' to F., and 12 hours or less at F. 

3. The water must then be drained away, and the peas all ..wed to remain 
moist u ith a ct'ss of air. They will then germinate and the small rootlet grow 
out. This germination will take 48 hours at 60'' to (UP F., and 12 to 24 hours 
at 80'' F. 

Soaking, — The peas or other pulses, placed in a cican sack, should be steeped 
in a trough, barrel, or other suitable vessel, full of clean water, and should be 
occasionally stimnl. The sack and trough should be large enough to allow for the 
swelling of the peas to alwut three times their original size. In a hot climate 
6 to 12 hours should suffice for this soaking. 

Germiiio/ion.— The j^eas should be lifted out of the water and spread out to a 
depth not exceMing 2 to 3 inches in a trough or other vessel with sides and bottom 
porous or well perforated with holes ; this is to allow complete access of air. 
The. seeds must be kepi in a moist atmosphere, by covering with damp cloth or 
sacking, which is sprinkled (by hand or automatically) as often as is required to 
keep the peas thoroughly moist underneath. Alt the vessels should be clean, 

4. It is important that the germineded pulses should be cooked and eaten as soon 
as possible after germination, and should not be aUomd to become dry again ; in 
that case the antiscorbutic proj)erties acquired duriqg the process of germination 
will again be destroyed. The pulses should not be cooked longer than necessary 

Prophylaxis.— The prevention of scurvy consists in providing a diet adequate 
in vitamin C. It should be the duty of health authorities and medical officers of 
industrial undertakings to insist that native labourers are adequately fed. The 
old and evil idea that African natives can subsist on maize meal, salt and dried 
beans should l>e most vigorously suppressed. It has been pointed out that one 
factor in the production of scurvy in native African races is the prolonged over- 
cooking^ and steaming of food, especially of vegetables. It is, therefore, im- 
portant that in gangs of unmarried natives efficient cooks should be appointed. 
As a general rule, the food cookt^d by native women is much more hygienic and 
palatable than that prepared by men. 

Wherever possible, in mines or tropical camps, native gardens should be 
established. Men thrt^atened with scurvy should be given light work only. 

* WlMui oabbtMiiv it c<iokiMi for on** lunir at temi>eraturea miiirinK 80~1(H)" i\ the leavet lote 90 per 
oeni of their tatiaoorbuttr value. 
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Etiology. Disccmery of the conmia hadUm^ or vibrio * — The cholera 
vibrio was first discovered by Koch in Egypt in 1888 ; this discovery he 
confirmed in Calcutta in 1884 by finding it in every case of the disease 
examined. His observations have since been abundantly confirmed. 

Description of the cholera vibrio , — The comma bacillas (Pig. 65) is a very 
minute organism, 1*5 to 2 p in length by 0*5 to 0*6 p, in diameter — about half 
the length and twice the thickness of the tubercle bacillus. It is generally 
slightly curved like a comma; hence its name. After appropriate staining, 
fia^Ua can be distinguished at each end or at one end only — sometimes one, 
sometimes (though less frequently) two. These fiagella, though of considerable 
length — from one to five times that of the body of the bacillus — are difficult to 
see in ordinary preparations owing to their extreme tenuity. They are not alwa 3 r 8 
present during the entire life of the parasite. They impa^ very active spirillum • 



Fig. 45.~-€bsiera vibrio. Agar cuff arc : 24 hoan’ 
growttl. X 1,000. {Muir and Hiiehie.) 

like movements. The individual bacilli, when stained, show darker parts at the 
ends or at the centre. Sometimes in cultures two or more bacilli are united, 
in which case an S-shaped body is the result ; or several bacilli may be thus 
united, producing a spirillar appearance. 

The comma bacillas is easily stained by watery solutions of fuchstn, or by 
Ldffler's method, dried cover-^bis films being used. It Is decolorised by Gram. 

The bacillus grows best in alkaline media at a temperature of from 80^ to 
40*^ C. Growth is arrested below 15^ or above 42*^ C. ; a temperature over 
50^ C. killi the vibrio. Meat bfx>th, bloodnierum, nutrient gelatin, and potato 
are all suitable c^ture media. It multijdies rapidly without curdling in milk ; 
it dies rapidly in distilled water ; it survives longer if salt be added to tke water — 
for instance, 285 days in sea- water. 

In gelatin plates it grows readily as minute white cokmiei, irregular In shape, 
and granular, with surrounding liqaefaetton, into which the colonies of vibrios 
sink ss into funnel-shaped ^preadons. In gelabhi stab-cultuies the growth at 
first is most active near the surface ; later, ss growth proceeds akmg the needle 
track, a finger-shaped liquefaction results, which in time extends to tho Mdes of 
Mie tube. In <fider cultures involution forms are common ; they may die out 
after five or tix weeks. 
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Agar is not liquefied, and in it cultures retain their vitality longer. On 
potato, at 20^ to 30^ C., the culture appears as a thin, brownish, porcelain* 
like film. In broth some of the bacilli form a scum on the surface ; others, 
falling in masses to the bottom, leave the body of the liquid clear. As a rule, 
the cholera vibrio does not produce hssmolysis, if blood be added to the medium 
such as agar, after twenty-four hours’ incubation. The test is best performed 
in a fluid medium by adding varying amounts, from 1 c.c. downwards, of a 
three days’ culture in alkaline broth to 1 c.c. of a 5 per cent, suspension of 
goat’s corpuscles, and then thoroughly mixing. After incubation for two hours 
the tubes are placed in the ice-chest overnight and read the next day. With the 
solutions of sugars (1 per cent.) usually employed, the vibrio produces acid, 
without gas- formation, in glucose, mannite^ saccharose, and maltose. Fermen- 
tation of lactose, with acid production, occurs two or three d^ys later. The 
cholera-red reaction is obtained by the addition of pure sulphuric acid to a 
culture in 1 per cent, peptone solution. 

The true cholera vibrio belongs to Heiberg’s Type I, and ferments mannose 
and saccharose, but not arabinose. It gives positive cholera red and negative 
Voges-Proskauer reactions ; but does not produce early haemolysis of er\i:hro- 
cyteB. These characters alone, however, are not enough for more than pre- 
sumptive identification, since some non -pathogenic vibrios have most of them. 
The true cholera vibrio is agglutinated by serum prepared against the Q variants 
of Ogawa and Inaba strains, and this is the principal means of differentiation 
(Gardner and Venkatraman). 

Until recently a considerable amount of hesitation was felt by many 
authorities in accepting the cholera vibrio as the true germ-cause of cholera. 

Certain organisms, known as the paracholera, or inagglu tillable vibrios (Finkler- 
Prior and El-Tor), resemble the cholera vibrio minutely. Organisms found 
in fowl cholera, in decomposed cheese, and in river water also resemble it very 
closely but, as they behave somewhat differently in the serological sense, they 
must be considered biologically distinct. Cultures of cholera vibrios have been 
swallowed many times by way of experiment, and, although in some instances 
diarrhoea has resulted, in only one case has true cholera been produced. Probably 
for the production of cholera several conditions are necessary, of which the 
comma bacillus is only one. The difficulty of producing true cholera in lower 
animals by the administration of cholera cultures has exercised the minds of 
many, especially in the days following Koch’s discovery, but more recently 
cholera-like symptoms have been product in ground-squirrels by administering 
cultures of the organisms in alkaline media. 

The exact significance of the non -agglutinating vibrios still remains a matter of 
debate. Doorenbos brought forward evidence that the El -Tor vibrio and 
other vibrios which behave somewhat differently are, in fact, the true cholera 
vibrio contaminated with bacteriophage. Formerly the association of epidemic 
cholera with a hemolytic El-Tor vibrio was not considered possible, but de Moor 
and others in 1938 found that the epidemic in Celebes was caused by a typical 
El -Tor vibrio as shown by its cultural and serological characters. This vibrio 
belongs to Gardner and Venkatraman’s subgroup 0, Heiberg’s type I, and is 
h»mol 3 rtic to goat cells. The epidemic caused by it came to an end in six months 
and did not occur again. This vibrio gave positive Voges-Proskauer and cholera 
red reactions and the agglutinability was not affect^ by heat as in the true 
cholera vibrio. Taylor regarded this form as practically non-existent in India in 
man, but as representative of certain water vibrios in Bengal. The general con- 
clusion is that the two yibrios, though identical in antigenic structure, do represent 
different species and that the El-Tor vibrio occupies an intermediate position 
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CHOLERA 


Synonym. Cholera Asiatica. 

Definition. — Cholera (XoXijpota = flow of bile) is an acute, infectious, 
epidemic disease, characterized by profuse purging and vomiting of a 
colourless watery material, by muscular cramps, suppression .of urine, 
algidity and collapse, the presence of the cholera vibrio in the intestines, and 
by a high mortality. 

History and geographical distribution.— It is probable that from remotest 
antiquity cholera has been endemic in Lower Bengal and in Central China, and 
has from time to time spread as an epidemic over India. In 1817 it began to 
extend all over Asia, eastwards as far as Peking and Japan, southwards to 
Mauritius, and westwards to Syria and the eastern shores of the Caspian. Stop- 
ping short at Astrakhan in 1825, it did not on that occasion invade Europe. 
Since 1830, when cholera first visited Europe, there have been at least five 
epidemics— 1848-51 , 1861-55, 1865-74, 1884-86, and 1892-96. Minor epidemics 
have occurred in Europe since, but have been restricted. During the Balkan 
War of 1913, and in the course of the 1914-18 war, especially in the Balkans 
and in Iraq, there were many outbreaks of cholera, but the disease did not 
extend as an epidemic beyond the actual seat of war. 

The 1870-73 epidemic practically spared Great Britain, but it crossed the 
Atlantic and, entering by way of Jamaica and New Orleans, raged for a time in the 
United States. 

From a study of the march of these epidemics it is to be concluded that cholera 
reaches Europe by three distinct routes — ( I ) via Afghanistan, Persia, the Caspian 
Sea, and the Volga valley ; (2) via the Persian Gulf, Syria, Asia Minor, Turkey in 
Europe, and the Meditertanean ; (3) via the Sea, Egypt, and the 

Mediterranean. 

Epidemiology and endemiology . — Cholera follows the great routes of 
human intercourse, and is conveyed chiefly by man— probably in its princi- 
pal extensions by man alone — from place to place. In India, during religious 
gatherings, hundreds of thousands of human beings are c^)llected together 
under highly insanitary conditions, as at the Hurdwar and Mctcca pil- 
grimages. Cholera breaks out among the devotees, who, when they 
separate, carry the disease along with them as they proceed towards their 
homes, infecting the people of places they pass through. The Hedjaz has, 
for the last 100 years, been the point of relay of cholera in its progress 
from the Far East towards the West, During that period there have been 
more than 27 outbreaks. In India cholera appears to spread from its home 
in Lower Bengal over the northern and western, central, and soutbem 
provinces in a series of waves of two to four years* duration. Cholera never 
travels faster than a man can travel ; but in modem times, owing to the 
increased speed of locomotion and the increased amount of travel, epidemics 
advance more rapidly and pursue a more erratic course than they did ei^ty 
years ago. On the other nand, isolated countries, such as the Andaman 
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Islands, Australia, New Zealand, the Pacific islands, the Cape Province, and 
the West Coast of Africa, have so far escaped. An epidemic of considerable 
virulence occurred in Celebes (Dutch East Indies) in 1988 and exhibited 
several peculiar features. 

Truly endemic cholera centres are found in Lower Bengal and in the 
Yangtse Valley, China. According to Taylor, the recognition of an endemic 
area is : — 

(a) one in which the total number of months with absence of cholera 
deaths does not exceed 80 in 82 years ; 

(b) one in which a break of five or more months in cholera incidence does 
not take place. 

There are two types of outbreak of cholera, according to whether the general 
water-supply is contaminated or contamination is localized to certain wells, 
cisterns, etc. In the former instance the outbreak is explosive and cases occur 
simultaneously in all parts of the city and disappear again with almost equal 
suddenness. In the Hamburg epidemic of 1892, during a period of only two 
months, cholera attacked 17,000 persons, causing 8,605 deaths in a population of 
fK)0,000. The w'ater-supply of Hamburg was taken directly from the river, while 
the adjoining city, Altona (population 140,000) filtered its water firom the river 
by a slow sand process, .^though Altona lies further down the river and is 
contaminated with the sewage of Hamburg, yet the deaths in Altona were only 
2*1 per inille as against 13*4 per mille for Hamburg. To illustrate the second 
type of transmission, there is the well-knowm incident of the Broad Street pump 
in 1854. This was the first definite proof of the association of cholera with water. 
It was noted that cholera was ten times more prevalent in Golden Square than in 
other parts of London, and increascKl in the neighbourhood of the Broad Street 
well. The employees of a factory where the well water was used had a large 
numl>er of cases, while an adjoining brewery w hich had a well of its own did not 
fiiniish a single case. 

Rogers believinl that the condition necessary for the spread of cholera 
in India is an absolute humidity of over 0-400, and that by w^atching the 
climatic conditions which influence the seasonal and annual incidence of 
cholera, increased or epidemic prevalence should usually be foreseen in 
time for steps to In? taken to lessen its spread. 

The forecasting of cholera epidemics has therefore become an actual 
|)oa8ibility. BastHl ujx>n statistics which have betm subjected to modem 
scientific analysis, an outbreak can be predicted two to three months 
ahead. All the (xi-efficients of correlation bt^ween the measure of cholera 
incidence and other variabh^ to the highest order have been taken into 
consideration. The association of high relative huniMity with high 
temperature, acc4)mpanied by intermittent rains, forms the most favourable 
atmosphere for the development of the disease, and the presence of en- 
demic centres, from which epidemics may at any time spring, must also be 
accepted, Indian observers have recently found, on analysis according 
to the jperiodograni method, that in South India cholera occurs in a 
pcmodicity of six years. 

D’Hereue made the interesting suggestion that the rise and fall of 
epidemics of cholera may be due to the amount of bacteriophage produced, 
l^atieiits in whose stools no bacteriophage appears die of cholera. Those 
cases in whom bacteriophage is strong from the outset, rapidly recover. 

30 
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iEtiology. Discovery of the comnia hacUlus, or tnbrio , — The cholera 
vibrio was first discovered by Koch in Egypt in 1888 ; this discovery he 
confirmed in Calcutta in 1884 by finding it in every case of the disease 
examined. His observations have since been abundantly confirmed. 

Description of the cholera vibrio , — ^The comma bacillus (Fig. 65) is a very 
minute organism, 1*5 to 2 in length by 0*5 to 0*6 (i in diameter — about half 
the length and twice the thickness of the tubercle bacillus. It is generally 
slightly curved like a comma; hence its name. After appropriate staining, 
flagella can be distinguished at each end or at one end only — sometimes one, 
sometimes (though less frequently) two. These flagella, though of considerable 
length — from one to five times that of the body of the bacillus — are difficult to 
see in ordinary preparations owing to their extreme tenuity. They are not always 
present during the entire life of the parasite. They impi^ very active spirillum - 



Fig. 4L~<CIiolera vibrio. Agtr culture : 24 boure* 
growth. X 1,000. {Muir and Riirhif,) 

like movements. The individual bacilli, when stained, show darker parts at the 
ends or at the centre. Sometimes in cultures two or more bacilli are united, 
in wbicb case an S-sbaped body is the result ; or several bacilli may be thus 
united, producing a spirillar appearance. 

The comma badllus is easOy stained by watery solutions of fuchsin, or by 
L5filer*s method, dried covmr-glass films bring used. It is decolorised by Oram. 

The bacillus grows best in alkaline media at a temperature of fiom 30^ to 
4(f C. Growth is arrested below 15° or above 42^ 0. ; a temperature over 
0. kills tbe vibrio. Meat broth, blood*serpm, nutrient gelatin, and potato 
are aQ suitable future media. It multi|flies rapidly without ourdthig in milk ; 
it dies rapidly in disttlled water ; itsurviveslonger if salt be added to the water— 
for instance, 285 days in sea>water. 

In gelatin plates it grows readily as minute white colonies, irregular in shape, 
and granular, with surrounding Hquefsetion, into which the cokmies of vibrios 
sink as into funnel-shaped depresrions. In gelatin stab-cultures the growth at 
first is most active near the surface ; later, as growth proceeds along the needle 
track, a finger-shaped Uqueiacrion results, which In time extends to the sides of 
Mie tube. In rider cultures involution fcwms are oomtnon ; th^ may die out 
aHer five or six weeks. 
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Agar is not liquefied, and in it cultures retain their vitality longer. On 
potato, at 20° to 30° C., the culture appears as a thin, brownish, porcelain- 
like film. In broth some of the bacilli form a scum on the surface ; others, 
falling in masses to the bottom, leave the body of the liquid clear. As a rule, 
the cholera vibrio does not produce haemolysis, if blood be added to the medium 
such as agar, after twenty -four hours* incubation. The test is best performed 
in a fluid medium by adding varying amounts, from 1 c.c. downwards, of a 
three days* culture in alkaline broth to 1 c.c. of a 5 per cent, suspension of 
goat*s corpuscles, and then thoroughly mixing. After incubation for two hours 
the tubes are placed in the ice-chest overnight and read the next day. With the 
solutions of sugars (1 per cent.) usually employed, the vibrio produces acid, 
without gas-formation, in glucose, mannite^ saccharose, and maltose. Fermen- 
tation of lactose, with acid production, occurs two or three days later. The 
cholera-red reaction is obtained by the addition of pure sulphuric acid to a 
culture in 1 per cent, peptone solution. 

The true cholera vibrio belongs to Heiberg’s Type I, and ferments mannose 
and saccharose, but not arabinose. It gives positive cholera red and negative 
Voges-Proskauer reactions ; but does not produce early haemolysis of ervdhro- 
cytes. These characters alone, however, are not enough for more than pre- 
sumptive identification, since some non-pathogenic vibrios have most of them. 
The true cholera vibrio is agglutinated by serum prepared against the 0 variants 
of Ogawa and Inaba strains, and this is the principal means of differentiation 
(Garner and Venkatraman). 

Until recently a considerable amount of hesitation was felt by many 
authorities in accepting the cholera vibrio as the true germ-cause of cholera. 

Certain organisms, known as the paraeholera, or inagglu Unable vibrios (Finkler- 
Prior and El-Tor), resemble the cholera vibrio minutely. Organisms found 
in fowl cholera, in decomposed cheese, and in river water also resemble it very 
closely but, as they behave somewhat differently in the serological sense, they 
must be considered biologically distinct. Cultures of cholera vibrios have been 
swallowed many times by way of experiment, and, although in some instances 
diarrhcea has resulted, in only one case has true cholera l)een produced. Probably 
for the production of cholera several conditions are necessary, of which the 
comma bacillus is only one. The difficulty of producing true cholera in lower 
animals by the administration of cholera cultures has exercised the minds of 
many, especially in the days following Koch’s discovery, but more recently 
cholera-like symptoms have been produced in ground-squirrels by administering 
cultures of the organisms in alkaline media. 

The exact significance of the non -agglutinating vibrios still remains a matter of 
debate. Doorenbos brought forward evidence that the El-Tor vibrio and 
other vibrios which behave somewhat differently eure, in fact, the true cholera 
vibrio contaminated with bacteriophage. Formerly the association of epidemic 
cholera with a hiemolytic El-Tor vibrio was not considered possible, but de Moor 
and others in 1938 found that the epidemic in Celebes was caused by a tjrpioal 
El -Tor vibrio as shown by its cultural and serological characters. This vibrio 
belongs to Gardner and Venkatraman’s subgroup 0, Heiberg’s type I, and is 
hflemolytic to goat cells. The epidemic caused by it came to an end in six months 
and did no't occur again. This vibrio gave positive Voges-Proskauer and cholera 
red reactions and the agglutinability was not affect^ by heat as in the true 
cholera vibrio. Taylor regarded this" form as practically non-existent in India in 
man, but as representative of certain water vibrios in ^ngal. The general con- 
clusion is that the two vibrios, though identical in antigenic structure, do ref^c^t 
different species and that the El-Tor vibrio occupies an intermediate position 
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between the cholera and non>agglutinable vibrios. The virulence of the cholera 
vibrio can be exalted by passage through guinea-pigs and successive culturing of 
the peritoneal exudate of intraperitoneally inject^ animals alternating with 
culture media growth inoculations. Such a fixed virus, the virulence of which 
cannot be exalted, formed the material used by HafTkine for cholera vaccine. 

Gardner and Venkatraman (1935>made a thorough examination of the whole 
cholera-group question. They found that heat-stable antigens are divisible 
into : (a) a considerable number of specific antigens which are best demonstrated 
by O group sera and H-0 suspensions, which serve as a basis of classification 
into O subgroups, and (6) a non-specific component which is demonstrable with 
O sera and O suspensions. 

Taylor conduct^ an investigation .on the serology of vibrios in which a standard 
O antigen was used. This is prepoied in a diy form and testing sera were pre- 
pared ^m this dried antigen. Two main subtypes of F. choUra? were used which 
contained the common O and in addition its own specific antigen. The result 
indicated that vibrios isolated from true cholera oases, but which do not conlorm 
to the serological O group I, are mere acx^mpaniments of the true cholera vibrio 
and are intestinal inhabitants as much of the non-cholera as of the cholera- 
stricken population. 

Toxins , — Filtered cultures of the cholera vibrio have little toxic action, 
the virus being apparently liberated by disintegration of individual 
organisms, flead cultures,, given by the mouth, produce no effect, unless 
the intestinal epithelium is injured. The toxins are mostly destroyed at 
60® C. ; when ground up and frozen by liquid air, an extract of high 
toxicity to laboratory animals, especially when injtx*t4Hi intravenously, is 
obtained. The organism multiplies in the small intestine, and lilieratt^s 
an endotoxin which is responsible for dtfsquamation of the epithelium and 
other manifestations of the disease. 

Phan was able to produce the clinical phenomena of cholera in guinea-pigs 
by injecting cholera endotoxin in doses of 0‘05--0’ 1 c.c. in the neighbourhood of 
the sjfianc^c nerves. Similar results were obtained in rabbits by injecting 
doses of 0*2 c.c. 

Methods oj infection , — Infected material is conveyed from sick to healthy 
persons, either by water, food, or infected linen; Milk, raw fruit, vegetables 
and other uncooked foods are all able to serve as media for the transference 
of the vibrio. Clothing, if kept moist, can retain the infectivity for days 
and weeks. Greig has shown in India that, in stools kept in the dark at 
room temperatures, the average life of the vibrio is about eight days, but 
when dried it only survives for a few hours. In water the vibrios remain 
viable for a considerable time. In reservoir water they live about two 
weeks, but some grossly contaminated streams, such as the Ganges, are 
unfavourable to their survival. 

Cholera cofriers,— Patients who have recovered from cholera may con- 
tinue to excrete the vibrio irregularly for a few weeks, but, as a rule, 90 per 
cent, become free from infection in 14 days and 99 per cent, in a month. 
The existence of apparently healthy cholera carriers has been recognized, 
and these may exaetB vibrios for two months, though the oarri^,’* such 
as is known in typhoid, does not exist for cholera. Taylor definitely states 
t^t the convalescent and contact carriers in most eases are free from ttie 
vihrio five days from the onset of the attack or cmtact. 
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Immunity , — The guinea-pig or rabbit may easily be immunized against 
the cholera vibrio by repeated intraperitoneal injections of killed cultures. 
The serum thus obtained shows marked agglutinative properties in a 
high titre to cultures of the organism. Furthermore, this serum, when 
injected into a non-immune animal, has marked protective power against 
even four or five times the lethal dose. When this happens, active bacterio- 
lysis takes place (Pfeiffer’s reaction). The test is performed as follows : 

A loopful of a young agar-culture of the vibrio is added to 1 c.c. of bouillon 
containing 0*001 c.c. of anti-cholera serum, and is injected into the peritoneal 
cavity of a young guinea-pig ; by means of capillary tubes inserted into the 
peritoneum, the peritoneal fluid is examined microscopically every few minutes. 
If the original culture was a true cholera vibrio, the organisms break up into 
globules ; if not, no change takes place. The inoculation of animals by cholera 
cultures produces an immune serum which is remarkable for its high agglutinating 
power, the titre going as high as 1 in 12,000. For an agglutination test to prove 
that vibrios isolated from the stools are those of true cholera, a serum of a titre 
of 1 in 4000 should be used. 

Pathology. — Rigor mortis occurs early and persists for a considerable time. 
Curious movements of the liml>s may take place in consequence of post-mortem 
muscular contractions. On dissection, the most characteristic pathological 
appearances in cholera are those connected with the circulation and with the 
intestinal tract. 

If death occurred during the algid stage, the surface presents a shrunken and 
livid ap{)earance. All the tissues are abnormally dry. The muscles are dark 
and firm ; sometimes one or more of them are ruptured — evidently from the 
violence of the cramps during life. The right side of the heart and the systemic 
veins are full of dark, thick, and imperfectly coagulated blood which tends to 
cling to the inner surface of the vessels. Fibrinous clots, extending into the 
vessels, may be found in the right heart. The lungs are usually ansemic, dry, 
and shrunken, occasionally congested and oedematous. The pulmonary arteries 
are distended with blood, the veins empty. The liver is generally loaded with 
blood ; the gall-bladder full of bile ; the spleen small. Like all the other serous 
cavities, the peritoneum contains no fluid, its surface being dry and sticky. The 
outer surface of the bowel has generally a diffuse rosy -red, occasionally an injected 
appearance. It contains a larger or smaller amount of the characteristic rice- 
water material, occasionally blood. The mucoui^ membrane of the stomach and 
intestine is generally pinkish from congestion, or there may be irregular 
arborescent patches of injection here and there throughout its extent. 

If death occurred during the stage of reaction, the tissues are moist ; the 
venous system w less congested ; the lungs are probably congested and oedema- 
tous, perhaps inflamed. Very probably there are evidences of extensive enteritis. 

Oreig has shown that the gall-bladder and biliary passages are frequently 
Invaded by the cholera vibrio and that, as in enteric, this viscus may act as a 
reservoir of infection. Occasionally, according to the same authority, cholera 
may be a septicismia ; the vibrios have sometimes been demonstrate in the 
substance of the lungs and kidneys, and in the spleen. 

On miscroBOopical examination of the contents of the bowrel during the acute 
stage of the disease the cholera vibrio, in most cases, may be demonstrated. 
Usually it is in great abundance, occasionally in almost pure culture in the upper 
part of the small intestine and duodenum, but it may be very scarce in the lar^ 
gut. Sections of the intestine show the vibrio lying on and between the epithelial 
cells of villi and glands. 

Bannei^ee and Dutta demonstrated focal necrosis in the kidneys with hyaline 
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changes and solerotio atrophy. There are also marked changes in the convoluted 
tubules. 

Symptoms. — Although cholera may declare itself within a few hours of 
exposure to infection, it may also do so at any time up to ten days. Three 
to six days may be set down as the usual incubation period. An attack of 
cholera commences in one of two ways : either it may supervene in the 
course of what appears to be an ordinary case of dianhoea, or it may come 
on suddenly, without any well-marked prodromal stage. During cholera 
epidemics diarrhoea is unusually prevalent. It is a common observation 
that at such times an attack of simple diarrhoea may, after a day or two, 
assume the characters of true cholera. The preliminary looseness in 
such cases is known as premonitory diarrhcea or cholerine and is, in 
fact, a mild form of cholera. Besides diarrhoea, other prodromata, such as 
languor, depression of spirits and noises in the ears are sometimes noted. 

Description of Oie average cose . — When true cholera sets in, profuse 
watery stools, usually associated with griping pains, and at first faecal in 
character, pour, one after the other, from the patient. Quickly the stools 
lose their faecal character, becoming colourless or, rather, like thin rice- 
water containing small white flocculi in suspension. Enormous quantities — 
pints — of this material are generally passed. Presently, vomiting, also 
profuse, at first perhaps of food, but very soon of the same rice-water 
material, supervenes. Agonizing cramps attack the extremities and 
abdomen ; the implicated muscles stand out like rigid bars, or are thrown 
into lumps from the violence of the contractions. The patient may rapidly 
pass into a state of collapse. In consequence principally of the loss of fluid 
by the diarrhoea and vomiting, the soft parts slirink, the cheeks fall in, the 
nose becomes pinched and thin, the eyes sunken, and the skin of the fingers 
shrivelled like a washerwoman's. The surface of the body becomes cold, 
livid, and bedewed with a clammy sweat ; the urine and bile are suppressed; 
respiration is rapid and shallow ; the breath is cold, and the voice is sunk 
to a whisper, llje pulse soon becomes thready, weak, and rapid, and then 
after coming and going and feebly flattering, may disappear entirely. The 
surface temperature sinks several degrees below normal— to 93*^ or 94® F. ; 
whilst that in the rectum may be several degrees above normal — 101® to 
105® F. The blood pressure is low. The systolic may register 60 mm. of 
mercury but is frequently unregistrable. The patient is now restless, 
tossing about uneasily, throwing his arms from side to side, feebly complain- 
ing of intense thirst and of a burning feeUng in the chest, and racked with 
cramps. Although apathetic, the mind generally remains claar. In other 
instances the patient may wander or may pass into a comatose state. 

This, the ** algid stage of cholera, may terminate in one of three ways 
— ^in death, in rapid convalescence, or in febrile reaetton. 

Wl^ death from collapse supervenes, it may do so at any time from two 
to Unity boors from the commencement of the seisare, usually in from ten 
to twelve. On the other hand, the gradual cessation of vomiting and 
ptuging, the re-appearauee of the pulse at the wrist, the increase of blood 
pressure and the return of some warmth to the surface may herald em- 
valesoehce. In mck a case, after many hours* absence, seoE^on of urine 
retams, and in a tow days the patient may be practically well again. 
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, Usually, however, a condition known as the stage of reaction ” gradually 
supervenes on the algid stage. 

Anuria , — The first signs of anuria are congestion of the mucous mem- 
branes and conjunctiva, malar flush, delirium, and gradual increase in 
depth and rate of respiration. Recovery is marked by the passage of 
a few ounces of turbid, highly coloured urine and this is followed by a 
“ critical diuresis ” resembling that seen in some cases of acute glomerulo- 
nephritis. 

Renal failure in cholera has been compared to anuria following crush 
injuries. Ton^b claimed that it may be explained by the hypothesis of 
Freeman that collapse of the circulation, as in surgical and traumatic 
shock, is the result of over-stimulation of the 83rmpathetic nervous system. 
This results in dilatation of the capillaries of the skeletal muscles and 
constriction of the dennal and abdominal vessels. It is suggested that the 
histological changes in the urinary tubules art' due to deprivation of oxygen. 
The blood area is invariably raised and may reach 850 mgm. Anuria may 
persist for fifty hours, and the patient may yet recover. 

The importance of charting the amount of urine, hour by hour, day b\' 
day, in the reactionary stage of cholera cannot be over-emphasized. These 
data are essential if threatened anuria is to he successfully combatted. 

Eeaciion or cholera typhoid , — \Mien the patient enters on this stage the 
surface of the body becomes warmer, the pulse returns, the face fills out, 
restlessness disappears, urine is secrett'd, and the motions diminish in 
number and amount, becoming bilious at the same time. Coincidently with 
the subsidence of the more urgent symptoms of the algid stage and this 
general improvement in the appearance of the patient, a febrile condition 
of greah^r or less severity may develop. Muior degrees in this reaction 
generally subside in a few hours ; but in more severe cases the febrile stat^ 
becomes aggravated, and a condition in many respects closely resembling 
typhoid fever, “ cholera typhoid,*' ensues. 

During the stage of reaction death may occur from a variety of complica- 
tions— from pneumonia, from enteritis and diarrhoea, from asthenia, or 
from such effects of uramic poisoning as coma and convulsions. 

Hyperpyrexia is an occasional, though rare, occurrence in cholera. In 
such cases the axillary temperature may rise to F., the n^tal tempera- 
ture perhaps to F. Tlu»se cases also are almost invariably fatal. 

In cholera then* is a considerable variety in the character of the symptoms 
and in their severity, both in individual cases and in different epidemics. It 
is generally stated that the earlier cases are the more severe, those occurring 
towards the end of the epidemic being on the whole milder. 

Ambulaiory comh occur during all epidemics, characterized by diarrhoea 
and malaise merely ; there is never complete suppression of urine, the 
diarrhoea never loses its bilious character, and is not accompanied by 
cramps. The attack gradually subsides without developing a subsequent 
stage of reaction. 

Cholera sicca , — A very fatal type is known as cholera sicca.” In these 
cases, though there is no, or very little, diarrhoea or vomiting, collapse sets 
in so rapidly that the patient is quickly overpowered as by an overwhelming 
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dose of some poison, and dies in a few hours without purging or any attempt 
at reaction. 

Eye changes in cAofera. — Osmotic dehydration in cholera can bring about 
a lens opacity, which, in lesser degrees, is reversible, so far as the physical 
state of the water in the lens is involved. 

Therefore cataract may develop suddenly in the stage of collapse and 
may have a simiiar osmotic basis to that of diabetes. In cholera loss of 
fluid from the bowel may lead to osmotic dilution of the body fluids, 
including the aqueous, and consequent inflow of water into the lens. 

The ophthalmoscopic changes consist of a wavy gridiron appearance with 
dark lines against a red backgroimd, possibly denoting wrinkling of the 
capsule. 

These changes disappear on rehydration. 

Sequelae are unusual. Recovery is generally complete. Occasionally 
there are minor sequelap, such as anssnna, mental and physical debility, 
insomnia, a diphtheritic inflammation of the mucous membranes of the 
intestines, fauces and genitalia, nephritis, different forms of pulmonary 
inflammation, parotitis apt to end in abscess, ulceration of the comete, 
boils, bedsores, and gangrene of different parts of the lx)dy. Jaundice 
occurs at tim^^s, and is said to be of the gravest import. An int(*n>8ting, 
but unusual, sequel is bradycardia. Pregnant women almost invariably 
miscarry, the foatus showing evidences of cholera. 

The prognosis of cholera is especially bad in opium addicts. 

Mortality. — The average case-niortabty in cholera amounts to about 
50 per cent. Some epidemics are more deadly than others. As already 
mentioned, the mortality is greater in the earlier than in the later stages of 
an epidemic. To the old, the very young, the pregnant, the subjects of 
gmve organic disease — particularly of the liver, kidneys, and ht^rt — the 
dissipated, the underfed, and the feeble, the danger is very great. 

Diagnosis. — During the height of an epidemic the diagnosis of cholera 
is generally easy ; the profuse rice-vrater discharges, the collapse, the cold 
clammy skin^ the cyanosis, the shrunken features, shrivelit*d fingers and 
toes, the feeble husky voice, the cold breath, the cramps, and the suppression 
of urine, together isith the high rate of mortality, generally sufficiently 
distinctive. But in the first eases of some outbreaks of diarrhcea, which 
may or may not turn out to be cholera, and the true nature of which, for 
obvious reasons, it is important to determine, correct diagnosis may not be 
so easy. Control measures should be applied if the cfoical evidence is 
suggestive, without waiting for bacteriological eonfimiation. 

In other forme of diarrhoea it is rare for the stools to be persistently so 
tmtirely devoid of biliary colouring mattor as they are in cholera. 

detection of the comma vibrio in the stools is regarded as a positive 
indication of cholera. It would be rash, however, to afllrm Uiat a negative 
result from bactenological examinatHm of a single case rules out chotora. 
Moreover, such examinations, to be trostwmihy, have to be nmde by a 
skilled bacteriologist. 

In the first pkee the stods should be examliied mlcroieoplcally. If vibrios 
arapresent in large numbm they may be detected by thrir srintillating foiatosy 
movements in haiiging*dfop pfeparatkms, or by ttieir diaiaetmistio a]^ to 
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faecal films stained by oarbolfuohsin. According to Koch, a rough diagnosis may 
be made in 60 per cent, of cases by this method. If vibrios are very numerous, 
plates may be spread direct by a platinum loop on alkaline agar, or on Dieu- 
donn^^B medium. When the vibrios are present in small numbers — (a) alkaline 
peptone water should be inoculated with two or three loopfuls of the fluid stool 
and incubated for seven hours ; (b) any pellicle present on the surface of the 
broth should be examined in stain^ films or by the hanging <drop method ; (c)if 
vibrios are scanty, a second alkaline peptone tube should be reinforced by 
inoculation, incubating for a further six to eight hours, and plating out on 
alkaline agar ; (d) an emulsion of colonies from the plate or from an agar slope 
sub-culture should be agglutinated against the specific antiserhm in high titre. 

An agglutination of over 1 in 1000 with a specially prepared serum strongly 
suggests the true cholera vibrio, which may then be subjected to special bio- 
chemical tests. 

The full technique of identification demands a considerable amount of time, 
and as promptness is the first essential in*cholera diagnosis, be it of acute cases or 
of “ carriers,” other methods of rapid and more or less accurate diagnosis have 
been devised. Such a one is Bandies method, which consists in inoculating the 
suspected faeces into peptone water containing agglutinating serum of such 
strength as to clump the cholera bacillus in high dilution. Within as short a 
{period as three hours' incubation, agglutination visible to the naked eye is said 
to be present. This method, when employed in a large number of cases, 
neceasarily consumes a large quantity of immune serum. 

The advaiitag(*8 of such a rapid method are several : positive reports 
may be obtained on a large numlwr of cases in as short a period as eighteen 
hours, and as many as 2(X) stools may 1 n» examined by one worker during 
the course of a moniing’s work. A modification was described by Davies 
and the Editor. The following are the stages in the technique : 

1. Inoculate a platinum loopful of faeces into peptone water, 1 per cent. 
|K«ptone, 1 per cent. NaCl, made distinctly alkaline to litmus. 

2. Incubate for eighteen hours. 

3. Place a drop of the resulting growth on the slab of Garrow's agglutinometer 

(Appendix, p. 1014), together with a drop of 1 in 80 anti-cholera serum. The 
resulting mixture will give a dilution of cholera serum 1 in 160. On the next 
tmrtition drop an equal quantity of normal saline, together with a drop of the 
peptone culture, to act as a control. Rotate for three minutes. If vibrios are 
present, a definite agglutination will be obtained. This can be confirmed later by 
agglutinating with cholera serum in still higher dilutions. It is recommended 
that stock bottles (with rubber cape) of cholera serum preserved with 0*6 per cent, 
c arbolic acid, in dilutions 1 in 80, 1 in 160, 1 in 320, 1 in 640, be kept. If an 
agglutination is obtained with the lower dilutions it may subsecfuently be titrated 
with the higher ones. » 

4. The peptone culture can then be spread with a platinum loop on Oen- 
diropoulo's agar (alkaline agar), and a culture obtained by this means. The 
c'holera colonies can then easily be recognised by their transpmnt bluish-grey 
appearance. The hiemolytio and sugar tests may then be apj^ed. . It has been 
found that vibrios agglutinating with specific serum in high dilutions invariably 
give correct sugar, hamolytic, and cholera-red reactions (p. 461). 

In an autopsy on a suspected case of cholera, at least two sections of the 
small gut, each about 6 in. in length — one just above the ileocsecal valve, 
the ot£er in the middle of the Ueum— should be ligatured, out off, dropped 
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into sterile sab’ne and sent to a bacteriological laboratory as soon as possible 
for examinatiop. 

An agglutination reaction is not obtainable from the blood-serum during 
the acute stage, but it is present after eight to ten days from the commence- 
ment of the disease, reaching its maximum in four weeks ; it may attain 
a titre of 1 in 1000. 

Taylor made it plain that the question of H and 0 agglutinins is important 
in the diagnosis of cholera, as it is in other intestinal diseases of bacterial origin. 
The H element is present in some strains of true cholera and also in all the 
saprophytic water vibrios. It is affirmed that the O agglutinin is all-important. 
Evidence is accumulating that the 0 groups of vibrios are responsible for most of 
the serious outbreaks of cholera. Therefore, it is important that sera from 
cholera cases should be tested for 0 agglutinins. 

Difrerential diagnosis. — True chplera may have to be differentiated 
from ptomaine, or mushroom poisoning, which may simulate it very closely, 
but in this instance there is usually a history of several persons having been 
attckcked at the same time, after having partaken of a particular article of 
food, especially tinned. Leucocytosis is absent in food-poisoning though 
usually found during the early stages of cholera. 

For the differential diagnosis of cholera from food poisoning, see 
Table VI, p. 469). 

Algid or choleraic snbterlian malaria may simulate tnie cholera very closely 
(see p. 69) ; acute bacillary dysentery may ocx^asionally be so sudden and 
severe in its onset as to resemble cholera ; acute trichinosis is distini^ished 
by leucocytosis and pronounced eosinophilia ; in arsenical poisoning 
vomiting is more usually the most urgent commencing symptom. Children 
suffering from cholera are apt to develop hyperpyrexia with cerebral 
manifestations, which may be mistaken for meningitis. 

Treatment 

During cholera epidemics it is customary to establish depots where 
sedative and astringent remedies for the treatment of diarrhoea are dispensed 
gratuitously. Chlorodjme in small doses, 10-15 drops, has been found to be 
of value in allaying the more urgent primary manifestations. 

In the early st^es of evacuation opium is of undoubted value. A 
hypodermic injection of morphia, | gr. with atropine gr. should be 
given immediately. An anti-diarrhoeic of value is as follows : 

B Sodii bicarb gr.xv (0*972 grm.) 

Cret. prep. . ... gr.xv (0*972 grm.) 

Spirit. sE^ther. . . ' . . Vl{xr (0*88 c.c.) 

Spirit, ammon. aromat. . nfxv (0*88 o.o.) 

Tinet. opii . ... nfxxx (1*77 c.c.) 

Aq. cblor, ad. . . . . Ji (28*4 c.c.) 

Of this, 1 fl. oz. should be given every twenty minutes until purging and ^ 
vomitix^ cease. 

Kaolin, or “bolus alba,“ as an intestinal astringent in large doses, 
adsorbs toxins, thus rendering them inert. It consists of kaolin’ 900 grm. 
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Tablu VT 



Choleba i 

Food Poisoning 

THafrhfta. 

1 Often associated with { 

' griping. Precedes j 

vumiung. j 

Associated with some intestinal pain. 
Follows vomiting. 

Vomiting, 

Causes no distress. 

Watery and projectile ; i 
j follows diarrD<£a. 

i 1 

Often wlent and distressing. Vomit 
consists of food and is never watery. 
Copious or projectile. Generally 

precedes diarrfuea. 

Nausea. 

) Absent. ’ 

Constant. 

Retching. 

Rare. 

Constant, often severe. 

Abdominal 

pain. 

Not usually severe. 

CV)nstant. 

Tenesmus. 

S' 1 

Absent. 

Common, 

Stools. 

Watery and copious. 

Liquid, ftecal, and offensive. Never 
colourless and copious. 

Urine, 

; May be completely sup- • 

1 pressed. 

Never suppressed. 

Muscular 

cramps. 

• Constant and severe. 

In very severe cases confined to 
extremities. 

Collapse. 

f Frequent. Chiefly from 
icMM of fluid. 

Faintness and sjmcope from toxjemia. 

Fever, 

\ 

1 Surface temperature below 
normal, but rectal tern- j 

1 perature may be raised, i 

Axillary temperature 99-109® F. 

Headache, 

1 Absent. | 

Frequent. 


I 


(7 oz.) in 400 c.c. (14 oz.) of water. This is a single dose, but if there is 
vomiting it may be repeated, and sipped in small amounts at a tiipe. It is 
inconvenient to administer on a large scale, on account of the bulkiness of 
the dose. 

It has been shown that the adsorption-rate by kaolin is much more rapid in the 
case of the cholera vibrio than with an emulsion of equal strength of t3rphoid. 
Rapid adsorption is one of the reasons why kaolin in massive doses is beneficial 
in the treatment of cholera. 

Subsidiary The patient should be kept strictly in the 

horizontal position, in a warm bed, and in a well-ventilated, but not too 
cold room. Thirst should be treated by sips of iced water, soda-water, 
champagne, or brandy and wat^x. Copious draughts, as they are likely to 
provoke vomiting, are usually condemned. It does not follow from this 
that they are harmful ; the emesis contributes to the elimination of toxins. 
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Cramps may be relieved by gentle frictions with the hand, by a small 
hypodermic injection of morphia, or, these failing, by chloroform 
inhalations. 

The surface heat is maintained by hot-water bottles or warmed bricks 
placed about the feet, legs, and flanks. The patient must not be allowed 
to get up to pass his stools ; a wanned bed^pan should be provided for this 
pu^se. The foot of the bed should be raised. All food should be withheld 
while the disease is active. 

Intravenous salines . — ^For the stage of collapse, which is due to the loss 
of a large amount of fluid, intravenous injectiotis of salines must be resorted 
to in order to restore the balance. Collapse in cholera does not differ 
fundamentally from that due to hapmorrhage, and similar principU^ 
of treatment underlie both. Intravenous injection of normal saline is 
therefore indicated, but success appears to dejiend on the introduction 
of a sufficient quantity. Three to four pints may hi* necessary, Cox 
of Shanghai had encouraging results from continuous, prolonged, slow 
intravenous injections of isoti)uic saline fluid given by a special apparatus 
placed ft. above the level of the patient’s arm. The flow is kept up 
for several hours, at a rate of 2 oz. per minute, as long as there is danger 
from oollapse.* The saline injections may be combined with 5 per cent, 
glucose, which may act beneficially in urinary suppression. Xoriaal saline 
was preferred as a routine in Hong Kong, because hypertt)nic salines 
were not successful. Ride (1938) considered that, until the nature of 
the fluid loss in cholera has been ascertained, it is better and more scientific 
to make good the dehydration loss by normal saline infusions. Recent 
experiences indicate that intravenous injections of plasma (or reconstituk^d 
plasma), in addition to normal saline, are phy8iol(»gic^l and beneficial. 
Should the veins be difficult to penetrate, transfusion may l>e |w»rformed 
into the peritoneum or under the breast. After introduction of two to 
four pints of saline into the peritoneal cavity, the veins soon become 
prominent, and intravenous injection can then be carried out. 

TreatmerU of hyperpyrexia , — During the saline infusion, half-hourly 
charts of the rectal temperature should be kept and, should hyperpyrexia 
supervene, ice-packs must be applied and iced injected per rectum. 

Bogtrs^streatmeni.--'niough modem therapeutists regard this method as being 
baaed upon faulty physiological reasoning, it is necessary to give an outline of the 
data. Rogers, believing that collapse in cholera was due to exoossive loss of 
chlorides from the blood-stream, introduced the intravenous hypertonic saline 
treatment. This is composed as follows : sodium chloride, 120 gr. ; potassium 
chlori^, 6 gr. ; calcium chloride, 4 gr. ; sterilized water, 1 pint. The fluid in the 
containing bottle should be at a tempemture of about KKf F, If the rectal tem- 
perature is below or F. ; if the latter is above lOT F., as there is risk from hyper- 
pyrexia, the injection shonld be given at a temperatuie between ST and OT F. 
This sdutioQ is introduced by means of a special stopcock cannula and transfusion 
bulb at the rate of not more than 4 oz. a minute, the flow being slowed down to 
I os. if distress or headache supervenes. From three to six pints should ^ 
mn in, if possible. On an average, fifleen minutes should be taken for two 
ptots of fluid. At the aaoie time, potaarium permanganate in solution or in 
pill by mouth up to 50 gr. a day is given in oi^ to Mtroy tox^ formed In 
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the alimentary canal — 2 gr. every quarter of an hour for two hours, then every 
half-hour until the stools are coloured green. These pills are made up in some 
inert material, such as kaolin and vaseline, without the addition of any oxidizable 
substance. They are coated with salol, in the proportion of one part to five parts 
of sandarach varnish. 

With intravenous saline Rogers combined hypodermic injections of atropine, 
tA?t g**-* nioming and evening. The principles of the treatment are as follows : 

A blood -pressure below 70 mm. of mercury indicates a dangerous collapse, 
and a specific gravity of the blood of 1063 or over indicates a loss of half the 
fluid from the blood. In the acute stage the specific gravity of the blood varies 
between 1060 and 1072, the normal figure for a European i^ult being 1058 and 
for an Eastern native 1056. 

The specific gravity of the blood is estimated by employing a series of small 
bottles of aqueous glycerin with specific gravities increasing by 2° per bottle 
from 1048 to 1070. The specific gravity may be controlled by a urinometer. 
Blood from the patient is dropped on to the surface of the fluid in the bottles 
by a capillary pipette. The drop which remains stationary in the centre of the 
giyc'erin solution of a given strength indicates its specific gravity. 

In the stiige of collapse, anuria often occurs, and every effort must be 
maintained to re-t*stablish the blood-pressure. Pituitary extract, or 
pitresain, is often nmhil during the stage of reaction, given in doses of ^ 
to 1 C.C., hyfX)dernucally, two to four times a day : adrenalin may also 
be given, but its action is more transient. Caffeine citrate, 5 gr., is useful 
as a cardiac tonic and as a diuretic ; it may be given three or four times 
during the twenty-four hours. Tincture of strophanthus, 5 min., tliree 
times a day, is useful as an adjuvant. In cases of complete suppression, 
dry-cupping over the lumbar region twice daily by P'enwick's cups may 
help to re-start the flow of urine, and may be supplemented later by hot 
dry fomentations. Rt>ctal injections of hyperalkahne saline — 150 gr. of 
sodium bicarlHumte to the pint of isotonic saline — should be administered 
slowly every 2-4 hours in crises where collapse has been overcome but 
suppression of urine persists. The objtH*tion to using sodium bicarbonate 
is that this salt has a lytic action on the red cells in trUro, but in 4*5 per 
cent, concentration it has no hfemolysing effect. During sterilization the 
bicarlKjnat<^ tends to be converted into the carbonate, but Bellards found 
that this tendency was minimized by sterihzation in an autoclave connected 
with live steam at 7-lb. pressure. 

If the secretion of urine is not quickly restored, large .hot poultices or 
dry-cupping over the loins, and the judicious use of bland diuretics should 
be tried. Injections of digitalin, gr., may be given to stimulate the 
cardiac action. 

During the stage of reaction, should purging persist, large doses of 
salicylate of bismuth with ^ little opium may prove of service. 

Cholera typhoid must be treated much as ordinary entenc fever. 

In cholera convalescents the diet for a time must be of the simplest and 
most digestible charaoter--diluted milk, barley-water or rice-water, thin 
broths, meat juice, and so forth — the return to ordinary food being effected 
with the greatest circumspection. 
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SsMntuU oils , — A popular treatment in India is an essential^oils mixture 
as follows : 


B Spirit, aether. 

01. anis. 

01. oajup. 

01. junip. 

Acid, sulph. aromat. 


. IHxxx (M76C.C.) 

. niv (0*296 C.C.) 

. IHv (0*296 C.O.) 

. in V (0*296 c.o.) 

. inxv (0*888 c.c.) 


Half a drachm (1*176 c.c.) in half an ounce of water, every quarter of an hour 
Total dose, 8-14 drachms. 

This mixture should be given immediately, when practicable, and it is claimed 
that vomiting, purging, and intestinal pains aure controlled. The value of the 
^method in mass treatment is obvious, as little supervision is requisite. 


Sfdphagiuinidine . — Chopra and colleagues first reported on this treat- 
ment in cholera. The dosage to an average Indian patient in this series 
was 6 grm. on admission, and 2*5 grm. every four hours until a total of 
20 grm. had been given. The mortality rate was 8*21 per cent. Others 
have not found sulphaguanidine of any value, even when combined with 
intravenous hypertonic saline. 

BacUriophage, — Asheshov, Khan, and Lahiri gave bacteriophage together 
with intravenous hypertonic saline. Sterilkation is done under pressure in the 
autoclave (30 minutes at 120° C.) and not by boiling. Three pints of hypertonic 
saline are given intravenously, together with an additional pint of alkaline salt 
solution (150 gr. sodii bicarb, to a pint of normal saline). Together with this the 
cholera bacteriophage is given undilnt^ by the mouth in one drachm doses 
every 30 minutes, or 5 c.c. intravenously for more rapid action. The results 
have not been impressive. 

AfUickolera serum . — Ghosh and others tried injection of a new anticholera 
serum of an increased potency. This has been produced by a modiBcation of 
toxin production with the object of obtaining a maximum quantity of both 
endo- and exotoxin. The sertim is best injected intraperitoneally in doses of 
70-80 c.c. The results are stated to be encouraging, and it was found that, in 
cases with a blood specific gravity of 1064 or more, the mortality was reduced 
by more than 60 per cent. No cases of uraemia occurred in the series. The 
intravenous injection of the serum is by no means so favourable as the intra* 
peritoneal. 

^ Mortality 'rate. — The death-rate for cholera baa always been high. In 
former days in India it was seldom less than 70 per cent. In the decade 
ending 1908 it was 54*2 per cent, in Indian and 78*5 per cent, in British 
troops in India. With improved methods of treatment it has declined, 
but is still about 20 to 80 per cent. The death rate in collapsed cases is 
considerably higher, and, even with modem methods, remains about 
65 per cent. 

^6 prognosis is unfavourable in those over fifty years of age and in 
diildren under five. 

Prophylaxla. Quarantine pmmtian. — ^Theoretically, quarantine 
riiould be an efSeient protection against the introduction of clmlera into 
a community ; practically, it iias proved difficult to apply. Unless they 
are stringent and tfaorouji^ly carried out, these regulations can be of little 
w. Even if the utmost care, intelligence, and honesty succeed in excluding 
individuals actually suffering from cbol^, or likely within a reasonable 
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time to suffer from it, there is yet no guarantee that the germ of the 
disease may not be introduced. Convalescent patients may pass vibrios 
in their stools. For the recognition of the carrier state it is necessary 
to examine the stools of all contacts. A small dose of calomel to clear 
out the contents of the small intestine greatly increases the chance of 
recovering the specific organism from stools. This is the only scientific 
method of conducting a reliable quarantine. 

The system to which Great Britain apparently owed her immunity 
during epidemics on the continent of Europe is a practicable and, in 
civiliz^ conditions, an efficient one. Under this system, only ships which 
were carrying or which had recently carried cholera patients were detained ; 
and even these merely until they could be thoroughly disinfected. Thus, 
inconvenience and loss to travellers and merchants were small, and the 
temptation to conceal cases of the disease or to evade regulations was 
proportionately minimized. Any cholera cases were isolated in suitable 
hospitals, the rest of the crew and passengers, although supervised for a 
time, being given free pratique. At the same time attention was not 
diverted from the sanitation of towns, especially of seaports — the measure 
mainly relied upon. Suspicious cases occurring on shore were at once 
reported to the sanitary authorities and promptly dealt with, fomites 
l)eing destroyed or disinfected at as little cost and inconvenience to indi- 
viduals as possible. Every endeavour was made to prevent f»cal contami- 
nation of the public water supply. 

Of late years, in India, preventive measures have l>een conducted much 
on the same lines, attention being given to sanitation rather than to 
quarantine. During the great religious festivals the sanitary condition 
of the devotees is liK)ked after as far as pnvcticable, special care being 
given to provide them with good drinking and bathing water. On the 
appearance of cholera in the vicinity of troops in India, special protective 
measures are promptly instituted, eIalK)rate directions having beim drawn 
up for the guidance of medical officers. 

Wells and water supplies during a cholera epidemic should be treated 
with potassium permanganate until the water becomes pink ; an appro- 
priate strength is 60 gr. to the gallon of w^ater. The water should not be 
used until it has b(H*n colourless for twenty-four hours, and all vegetation 
and aquatic fauna removed. 

It is held in India that one of the major measures of prevention is the 
provision of safe permanent water supplies to the whole population. 

The application of bacteriophagic principles to sanitation.— According 
to Graham and Morison, choleraphage is absent in the intestinal tract before 
the beginning of a cholera epidemic. Little or no phage is found in the first 
victims to be stricken, and this substance is elaborated as the epidemic progresses, 
so that those patients who develop a rapid exaltation of choleraphage recover. 
Thus, this factor can be used as a prophylactic measure in disinfecting wells. 
For this purpose 30 o.c. of potent bacteriophage were added to two wells in 
the ocmtaminated area. One case only developed in those who drank this wrater. 

Haffkine^t inoctdation * — During the 1914^1918 war many millions of 
anticnoleraic inoculations were made. The initial dose is 1 c.c. of an 
emulsicm of 4,000 millions, followed seven to ten days later by a second 
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inoculation of 1 c.c. containing 8,000 millions* Experience has shown that 
even larger doses can easily be tolerated. Local reaction is, generally 
speaking, very mild. There may be oedema and a painful infiltration at the 
site of file injection, rarely followed by systemic disturbance. 

Several strains of chcdera vibrios are u^.. They are inoculated into Roux 
bottles oontiunmg pea*extract agar and grown for forty -eight hours. The 
growth is washed off with normal saline, and the emulsion counted, with dark 
ground illumination. The emulsion is then heated to 55° 0. for one hour, after 
which 1 per cent, carbolic is added. The emulsion thus sterilized is finally 
diluted down so as to contain 8,000 million vibrios per c.c. of saline and 0*5 
per cent, carbolic. 

The immunity thus produced does not seem to be very persistent, lasting 
at the maximum for t^ee or four months. 

Experience, particularly that obtained during the Balkan War in 1918, 
in Batavia in 1915 and 1916, and in the 1914-18 war, has gone far to 
confirm the earlier impressions of the value of Haflnrine’s inoculation. 

In India from 1905-1916 the annual number of deaths attributed to 
cholera was never less than 300,000. Epidemics of cholera are readily 
controlled by vaccine when inoculation is made compulsory ; thus, when 
this disease was introduced into Korea from China in 1926, the outbreak 
was promptly brought to a close by the inoculation of more than one 
million persons. 

Immunization per oe, — ( Besredka). The vaccine is made from thick suspensions 
of the organisms killed by heat, carbolic acid, or alcohol, and given in from 3 to 
5 doses ranging up to 100 c.c. every other day. Each dose consists of 10-100 
milliards of vibrios, or 0*01-0*1 grm. of the dried organisms. The full course 
of biH-vaccine, as it is called, is said to confer the same d^pvte of immunity as 
ordinary vaccine, but that produced by a simple inoculation is probably as high 
as that afforded by a full course of bili- vaccine. 

Personal prophylaxis , — During cholera epidemics great care should be exercised 
to preBtare the general beidth ; at the same time, anything like panic or appre- 
henston must be seduloasly discouraged. Visits to cholera districts should 
be postponed, if possible, seeing that the newcomer is especially liable to the 
disease. Unripe fruit, over-ripe fruit, sbell-fisb and food in a state of decom- 
position shoula be avoided. All drinking>water, and all water in which dishes 
and ever 3 rthing used in the fseparation and serving of food are washed, should 
be boiled. Ifore chlorination of the water with bleaching powder (C^OClt), 
giving 1*3 parte of chknine per milficm, or added to water in the proporti^ 
of 2 grm. of the powder to every 1 10 gallons, is not entirety reliable. Sodium 
hisulphate tablets (2 grm. to 1} pints of water), by liberating saiphurie acid, 
provide a most usefril method of similizing water for personal use, as for instance 
in a water*bottle. FQtef»-H»i:cept perhaps the Pasteur-C^amberland — are 
not for the moat part to be relied upon ; in many instances they are more 
likely to contmniiiui^ the water pas^ through them than to purify it. A 
good plan in a household or in pobUe institatimis is to provide for drinking 
purposes an ahundant euppfy of weak tea or lemon deooetkm, the supply bdng 
renewed daily ; aueh a fUM ensures that the water used in the inepiMtiofi 
the drink has been boiled. AS food should be protected from IMarrhma 
occurring during cholera epidemics should be vigorottsly treated. 



CHAPTER XXVIII 


THE DYSENTERIES AND LIVER ABSCESS 

Thrbb types of dysentery, correlated to three quite distinct and, zoo- 
logically, widely separated parasites have now been definitely established. 
Though of a totally different a?tiology they are not mutually exclusive, for 
one type may be superimposed upon and complicate another ; moreover, 
any or all of them may be implanted on some general disease, such as malaria 
or typhoid. The term “ dysentery ” denotes a symptom-complex, but 
does not indicate some particular disease of distinct aetiology. It is most 
important that a sane and critical view should l>e taken on the all-important 
matter of differential diagnosis of the dysenterif^s as there are many 
pathological conditions of the intestines which may give rise to a discharge 
of blood and mucus, but which are not connected ^nth any particular 
parasitic infection. 

The principal forms of dys<*ntery and their respective parasites are as 
follows : 

I. BACTERIAL- 

The Bacillary dysenteries : 

Bacterium dysenterice — Shiga, Schmitz, Plexner and 

Sonne. 

II. PROTOZOAL— 

Amckbiasib — Amcebic dystmterv. Liver abscess, etc. 

Kniamwba hutolytua. 

Balantidial dysentery : 

Balantidium roU. 

III. HELMINTHIC— 

Bilharzial dysentery : 

Bilharzia mansoni, B. Itcemaiolria, B. jajyonica. 
Verminous dysentery : 

(Esophayosionium apiostomumy or (B. stephanoslomum, 

I. BACILLARY OR EPIDEMIC DYSENTERIES 
E K mi — J apanese 

Deflnitioii.^ — AcuU* epidemic diseam^s due to invasion of the mucosa 
of the large intestine by spfHjific bacilli (B. dysenterice Sldga, Schmitz, 
Flexner, or Soime). Pyrexia, symptoms of toxic absorption, and the 
discharge of blood-stained mucus in the stool usually occur. Li severe 
cases coagulation necrosis of the mucosa may take place and quickly lead 
to death. In the milder forms the clinical symptom may be a simple 
diarrhoBa. 

Geographical distribution.— -Epidemics of bacillary dysentery are 
frequent both in the tropics and in temperate countries. At present 
such epidemics are of ^ater inUmsity and frequency in those countries 
in which the insanitary habits of the natives and more primitive conditions 
of life lend themselves to the spread of disease. In medieval times bacillary 
<iy8entery epidemics seem to have been much more widespread and 
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virulent when the sanitary conditions were more akin to those among 
primitive tropical natives. In Europe, bacillary dysentery is mainly an 
institutional disease, occurring not infrequently in lunatic asylums, prison 
camps, and military barracks. In the Gallipoli campaign (1915) it was 
responsible ior the majority of the 120,000 medical casualties evacuated 
within three months. Sonne dysentery has been widespread, especially in 
children, during recent years, during the winter months, in England, 
Europe and America. 

Epidemiology. — In the tropics and subtropics, the bacillary dysenteries 
appear to observe a definite seasonal incidence. They are certainly 
prevalent during the rainy season and for a short subsequent period, but 
mostly in the autumn months, while minor epidemics may also be noted 
in the early spring. During the hot dry African summer they are in 
abeyance. Epidemic dysentery is associated with the rainy season in 
the tropics for the following reasons. The rains deter people from 
defascating at a safe distance from the village waterlogging of the soil 
prevents the bacilli from dying out ; people are more liable to chills, which 
often cause an acute attack ; natives crowd together, which increases the 
chances of infection, together with an increased risk of pollution of water 
supplies. The infection spreads rapidly from man to man. 

Bacillary dysentery has always been a scourge of war. If we may trust 
the records of history it was an important factor in the Napoleonic wars, 
in the Franco-Prussian War of 1871, cmd in the South African War of 
1899-1902. Large epidemics of bacillary dysentery occurred during the 
war of 1914-18, and as a cause of invaliding it was hardly secondary to 
any other disease. In the Middle East, India, Iraq and East Africa the 
general tendency was to mistake, for reasons pointed out on p. 478, amu^bic 
for bacillary dysentery. That bacillary dysentery was the predominating 
form in every epidemic of war dysentery from the Gallipoli campaign 
onwards was pointed out by the Editor and others. This has been borne 
out by the experience of the present war. 

Direct carUagion by faces occurs, as a rule, among primitive communities 
in which the ordinary sanitary observances are either unknown or dis- 
regarded. The spread of dysenteries in lunatic asylums and Indian bazaars 
is attributable to personal habits which lend themselves to dissemination 
of infection. Contamination of food by the soiled hands of carriers, 
especially Army cooks, and contamination of vegetables by use of human 
ni^tsoil as a fertilizer are also possibilities. 

Indimi tmtagion. (o) JFIies.— There appears to be little doubt that 
houseflies {Musca domestiea) commonly act as carriers of the infection. The 
seasonal incidence of bacillary dysentery corresponds in a remarkable 
manner with the maximum prevalence of these pests. In 1910 the Editor 
demonstrated Shiga dysenf^ bacHli, in considerable numbm, in the 
intestinal tract of hous^es in an endemic area. This work was confirmed 
by Taylor and others. The housefly is able to spread dysenteric infection 
fintly, by r^gurgitatiem preparatory to feeding on food ; and seocmdly 
(probably nunre commonly) by its feces. BnxUm found that the intestinal 
canal of the majority of Booseflies caught in Iraq contained human fasces. 
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The importance of the insect in the spread of the bacillary dysenteries can 
therefore be understood. 

(b) Water acts as a medium of infection, especially in the Dutch East 
Indies and Malay States. It has been shown that the bacillus can survive 
in drinking-water for over three weeks, but not for so long when exposed to 
the sun or when associated with numbers of putrefactive micro-organisms. 

(c) Milk, — Several outbreaks of Flexner and Sonne dysentery in southern 
England and in Europe have been ascribed to contaminated milk. 

(d) Food . — Sonne dysentery is a food infection and should be classified 
among the group of food-poisonings. One of the largest outbreaks in 
London in 1933 was ascribed to eating “ pease pudding.” 

(e) SiLSceptibUity of the individual. — New arrivals in the tropics are 
lial)Ie to this form of dysentery, and small children are specially so. 
Patients whose resistance has been undermined by intercurrent disease, 
such as malaria, pellagra and tuberculosis, are apt to die from terminal 
bacillary dysenter}^ 

(/) Carriers {see p. 477). 

y£tiology. — Bart, dysenterice was discovered by Shiga in 1898, confirmed 
two years later by Kruse in Oermany. It has therefore been known as the 
Shiga-Kruse bacillus. 

Shiga's bacillus is a rod-shaped Gram -negative organism, 1 to 3 g in length by 
0*4 (X in breadth ; it is non-motile, and often exhibits very active Brownian 
movement. Vedder and Duval have demonstrated numerous lateral flagella of 
great tenuity. On agar and gelatin it grows as a thin smooth film with regular 
margins, and on MacConkey plates its colonies much resemble those of the 
typhoid bacillus ; they are regularly round, light-blue and dew-like. It produces 
no liquefaction of gelatin, and grows as a transparent, almost invisible, layer on 
potato. With solutions of the sugars {see Table VII, p. 468) it produces acidity 
in glucose, but is inert in the rest of the series and does not produce indol in 
peptone water. The organism is agglutinated in high dilutions by the serum of 
patients suffering fh>m the disease. It occurs in considerable numbers in dysen- 
teric lesions, and in the mucous stools of the corresponding period of the disease. 

A variety of Shiga's bacillus (resembling that organism in its sugar reaction, 
but forming indol and not agglutinating with Shiga-immune serum) is known as 
Schmitz’s bacillus and has been shown to be of considerable importance in the 
Middle East. (This organism is identical with B. ambiguum of Andrewes.) 

Cultures of Bad. shigce are toxic to laboratory animals, especially rabbits, 
but in these animals they do not produce lesions characteristic of dysentery, 
though filtered toxins, when injected intravenously, cause necrosis of the 
large intestine. In two experiments in man, one intentiotial, the other 
accidental, ingestion of pure cultures was followed, within a short time, by 
well-marked symptoms of dysentery. 

Flexner'e bacillus (the Flexner-Boyd group). — In 1900 an organism morpho- 
logically similar to Shiga's bacillus, but differing in the production of acid from 
mannite as well as glucose, producing indol from peptone somewhat irregularly, 
and inagglutinable with Shiga-immune serums, was isolated by Flexner from oases 
of dysentery in Manila. Prom the work of Andrews and Inman on a very large 
number of strains of Flexner — the mannUe-fermenting group — it can be definitely 
stated that the organism does not adhere to one constant type, as does Shiga's 
bacillus, but differs greatly, in the toxicity of the various strains and in their 
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A -- acid, G — gaa, Aik — alkaline, SI ~ slight. 

♦ To diSemitiate Baet. eiOenWia and other organisms of the food -poisoning group from Baci, paratyphomm B, serological tests 

must be applied. 
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antigenic properties. The basis for satisfactory sub -grouping was established 
by the serological method of Murray, Andre wes and Inman. It appeared that 
five definite strains of the bacillus could be identified, known respectively as V, 
W, X, Y, Z, and for their recognition five specially prepared homologous serums 
were necessary. The more recent study (Boyd, 1938) of antigenic variation among 
mannite-fermenting dysentery bacilli suggests that loss in culture of type-apecific 
antigen, which is not shared by other members of the group, is associated with 
an increase, real or apparent, of non-specific group antigen. A different explana- 
tion of the observations of Andrews and Inman is thus put forward. It seems 
probable that available cultures of the historical Hiss and Russell Y are degenerate 
variants of an original W strain, and that an Indian strain, 103A, is actually the 
type-specific Flexner-Y. This has been found to be fairly common, both in the 
United Kingdom and in other parts of the world (W. M. Scott, quoted by Boyd). 
This work emphasizes the great importance of using type-specific suspensions in 
diagnostic agglutination tests. Stock Flexner-Y strains may on these grounds 
be almost or quite devoid of type-specific antigen. 

The Newcastle bacillus, first recognized as a cause of dysentery by Clayton and 
Warren, corresponds to Boyd’s No. 88. It has now been found in other parts of 
England, India and Nigeria. Owing to the fact that it forms small quantities of 
gas in solution of the sugars and is motile on first isolation, it frequently escapes 
detection. 

Sonne's bacillus {Bacterium dysenteric sonnei) which ferments lactose slowly, is 
responsible for outbreaks of enterocolitis in Egypt and elsewhere (Perry), and may 
produce symptoms of food poisoning resembling those of the Salmonella group. 
The importance of this infection has been recognized in England and in America 
during recent years as a cause of dysentery and diarrhoea of definite seasonal 
occurrence, especially in children. The colonies of this bacillus tend to assume a 
much. more crenated outline than do those of the Flexner type, but are usually 
larger than those of Shiga or Flexner on MacUonkey’s medium. Cultures of 
Sonne's bacillus are not agglutinatcnl by standard Flexner or Shiga sera. When 
titrated against a sjiecially prepared Sonne anti-serum, agglutination to full titre 
occurs. Often, however, when freshly isolated, the bacillarj^ emulsion is in- 
agglutinable, but will abstract the agglutinins from Sonne serum by absorption. 
On MacConkey’s medium, Sonne colonies frequently show a small central point 
of acidity on a somewhat opaque background. Sonne’s bacillus is indol-negative 
and zylose-negative. It ferments glucose and mannite in twenty-four hotirs, 
and lactose and saccharose after some days. Serological varieties and strains are 
now recognized. Though not so toxic as Shiga’s bacillus, Sonne’s bacillus, when 
injected into rabbits, may produce sude^en death. 

Dysentery bacilli can be isolated from the intestinal canal and the 
ine8(*nteric glands. The organisms have also rarely been obtained from 
the bl(X)d-stn^am, gall-bladder and j^mit-effusions. Selec1;ive cultivation 
nu‘dia, especially for Fl(*xner and Sonne bacilli, have been introduced to 
render their isolation easier. The beat is Leifson's desoxycholate-citrate 
medium (Haynes’ modification). 

Apparently both the Shiga and Flexner bacilli are encountered in 
sporadic cases and in some epidemics without a preponderance of any one 
particular type ; but it may be stated that Shiga’s bacillus is more frequent 
in the tropics than in temperate ssont^s, and is responsible for the most severe 
clinical forms of the disease, and consequently for the most virulent epidemics. 

Toxins. — The O forms of Bad, shigee contain both exo- and endotoxins. The 
former is insoluble in dilute triohloraoetio acid, whilst the endotoxin can be 
precipitated from watery solution by means of alcohol or acetone, after removal 
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of the acid by dial 3 r 8 is, yielding 10 per cent, of dry weight of the organisms. 
There are said to be two endotoxin f^tions which are distinguishable by their 
nitrogen content and toxicity. Adsorption is effected by aluminium hydroxide. 
The endotoxin appears to be a large molecule complex of phospholipoid-carbohy- 
drate>polypeptide. The chemical properties of the exotoxin are those of a 
protein. It is thermolabile and its capacity to combine with antitoxin can be 
measured by its flocculation reaction. Formalised toxoid can be prepared from 
it, but not from the endotoxin. Exotoxin can be concentrated by ammonium 
sulphate fr:actionation. The properties of different dysentery toxin preparations 
depend upon origin, strains and methods of preparation (Wagner-Jauregg and 
Helmert, 1942). 

Pathology. — ^The primary lesions of bfwillary dysentery (Shiga and Flexner 
infections) are confined to the solitary follicles of the large intestine, and result 
in a sinuous “ snail -track ” ulceration of the folds of mucous membrane. In 
very acute cases the process consists of intense hypersemia of the large intestine, 
which eventually culminates in necrosis of the mucosa of the entire colon, as 
well as of the last 2-3 ft. of the ileum. Exceptionally, the whole of the mucosa 
of the small intestine may be involved. 

As a general rule, the lesions characteristic of bacillary dysentery are most 
pronounced in the lower part of the intestinal canal, from the sigmoid flexure to 
the anal canal. In the stage of necrosis the large gut is contracted so as to 
resemble a stiff tube, and the mucous membrane is converted into a rigid, 
resistant, olive-green or blackish substance (Plate X, Fig. 3). The colour is 
thought to be due to the staining of the dead tissue by bile-pigments. Occasionally, 
this necrosis may have a patchy distribution affecting especially the descending 
and pelvic portions. There are many signs of acute toxasmia. 

When the necrotic patches have a more local distribution, irregular ulcers, 
often communicating with one another by submucous sinuses, form and may 
involve the entire wall ; such a bowel surface has a fenestrated appearance. 
Inflammatory changes are found in the mesenteric glands, with macrophage 
activity. 

Chronic viceralion of the large gut may occur in bacillary dysentery. The 
sm^lest lesions are lenticular and involve the mucous surface alone. The more 
advanced lesions amount to ulceration of limited tracts of mucous membrane, 
rarely penetrating beneath the muscularis mucosae. Ante-mortem perforation 
of tlm gut may supervene, though it is rare. For the differentiation of these 
ulcers from those of amoebic dysentery the reader is referred to Table VIII, p. 481 . 

These ulcers must also be distinguished from those of tuberculous, typhoid, 
or bilhandal origin, and also of ulcerative colitis. In some chronic cases the 
mucous membrane may be entirely destroyed, rendering recovery impossible. 
Hie gut then resemble a piece of chamOis-leather with interiaoing fibrotic 
strands on the suriQace. 

Mucous retention cysts, due to the formation of pseudo-adenomata from the 
bases of Lteberkiiim's follicles, may sometimes be found as a sequela of bacillary 
ulceration, as first described by the Editor. I^ey may be recognized as jelly-like 
elevations forcing up the mucous surface and scatter^ throughout the length of 
the large gut. '^sentery bacilli may be isolated from their contents, and they 
are present in the large intestine of carriers of badllary dysentery (fletcher 
and Jepps. 

(TmmikilKm iismu . — Many cases of chronic bacillary dysentery acquired in the 
1914»1$ war showed no ulceration, but a granular condltkm of the mucous 
membiue of the large gut. The Unions are distributed, as a rule, irregularly, 
usualfy confined to the lower portion. Ckmaiderable infiltration of the wi^ of 
the gut Is associated with thia ccmdition. As in ulcerative colitis, stenosis of the 




MICROSCOPIC APPEARANCE OF CELLULAR EXUDATE 
IN ACUTE BACILLARY DYSENTERY (Shiga infection). 

Fresh preparation. Shows macrophage cells with ingested red blood- 
corpuscles, intestinal epithelium and polymorphonuclear leucocytes. 
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DYSENTERY. 

Fresh preparation. Shows active Entamaba hUtotyliea, some with 
ingested red blood>corpuscles: acicular Charcot>l«yden crystals and 
disintegrated intestinal epithelium. 
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large intestine, either localized or general, may take place as a result. Mixed 
infection of amosbic and bacillary dysentery may be sometimes met. The spleen 
shows congestion of pulp and reticulo-endothelial activity. The kidneys in 
Shiga infections may show patchy glomerular congestion and catarrhal changes. 
In cases of longer duration the kidneys are enlarg^ and the convoluted tubules 
necrosed, with extensive cloudy swelling. Nephritis is often the cause of death 
(Dick, 1942). Emboli in liver and spleen occur. 

Histopathology. — The submucosa is the seat of numerous hsemorrhages 
and of round cell-infiltration (Fig. 66). The ganglion cells of Auerbach’s plexus 
are involved in perilymphatic in^mmation. The formation of macrophage cells 
from the capillary endothelium of the vessels may also be observed. Owing to 
their large size, hyaline appearance, and vacuolat^ protoplasm, these cells, even 
in microscopic sections, are apt to be mistaken for Entamceba histolytica (Plate 
XI). These cells appear in an ^ly stage in acute ulcers and in granulation 
tissue of chronic lesions. 

The pathological appearances of Sonne dysentery are not so well known as are 
those of Shiga and Ilexner infections. The changes are, on the whole, similar, 
but not by any means so severe (Plate X, Pig. 2). 

Symptoms. — After a short incubation period, usually of from one to 
seven days (as ascertained by experiment) the disease begins in a variety 
of ways, suddenly or insidiously, in all degrees of severity from mild 
diarrhcea to an acute fulminating attack. 

The main clinical symptoms are those of inflammation of the large 
intestine, viz., griping, tenesmus, frequent passage of loose, scanty, muco- 
sangiiineoiis stools, often with dysuria. 

The onset may be attended with high or moderate fever, or there may 
^be no rise of temperature. The symptoms may be grafted on to some 
general disease such as scurvy or malaria, or to some chronic disease of 
the alimentary canal, as sprue ; they may assume acute characters, or 
they may be subdued from the outset. As a general rule, the closer to the 
rectum the lesions are placed the more urgent the tenesmus ; the nearer 
the c»cum the more urgent the griping. General constitutional symptoms 
due to the absorption of toxins may be evident. Vomiting may occur 
from the outset or be absent altogether. 

Palpation of the abdomen is difficult during the early stages, owing to the 
rigidity of the recti muscles. Later, especially in toxic cases, the abdomen 
may Imome quite lax and the spastic sigmoid colon can be felt as an 
elastic cord. Implication of other portions of the large intestine can 
usually be detected from tenderness on pressure. 

Blo^ changes , — There are few characteristic blood changes. As a rule, 
there is a polymorphonuclear leucocytosis of 16,000-30,000 at the com- 
mencement of the attack, falling to normal or subnormal on the third or 
fourth day. 

Character of the stools , — ^At first fascal and diarrhoeic, the evacuations 
may vary enormously in number and character. Their number may be 
uncountable, the unfortunate victim being ** glued to the commode.** At 
first they consist of viscid blood-stained mucus, which has been compared 
to ** red-currant jelly ’* or frog*8 spawn,” and are generally odourless. 
The characters by which they may be distii^iished from amoebic faeces are 
given on p. 481. A few teaspoonfuls only may be passed at a time. 
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Subsequently they contain less blood and become more purulent. Finally, 
biliary pigments re-appear and the fsDcal character may be re-established. 

In the most acute and fulminating forms the mucus may contain a large 
proportion of altered blood and the evacuations resemble “ meat washings.” 
WTien necrosis of the mucosa has taken place the stools may be exceedingly 
offensive, grey, and contain much altered blood without mucus. 



Micraicapiad sectl<m of large Intesthie in litclllary dysentery, showing 
necrosis of mucosa, cellular infiltration, and tuemorrhages into snbmncosa. 


On clinical grounds, bacillary dysentery may be classified as follows : 

1. MUd or catarrhal bacillary dy9eniery,---k common history is that for 
some days the P^ont had suffered from what was supposed to be an attack 
of diarrhoea, ^e atools, at first bilious and watery, perhaps four or five 
in the twenty-four hours, bad latterly and by degrees become less copious 
and more frequent, less fiecuient and more mucoid, their passage 
attended by a emrtain amount of straining and griping. 
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At the same time the tongue may remain clean, and there may be no 
accompanying pyrexia. The attack may be over in a week, and the stools 
may not number more than twelve in the twenty*four hours. The majority 
of these mild cases are due to Flexner. Sclimitz or Sonne bacilli. 

2. Acute bacillary dysentery, — In others the onset is much more abrupt. 
Within a few hours dysentery may be in full swing. The stools, at first 
fsBCulent, soon consist of little save blood-stained mucus. Very shortly the 
desire to stool becomes increased, the griping and tenesmus being accom- 
panied, perhaps, by distressing dysuria. Fever, which at the outset 
may have been smart and preceded by rigor, subsides. The face is anxious 
and pinched : the cheeks are high-coloured from a toxic flush. Slight 
delirium and mental confusion may be added to the clinical picture. Thirst 
may be considerable, anorexia complete, and the tongue white or yellow- 
coated. In a week or more the urgency of the symptoms may diminish, 
and the attack tapers off into a subacute or chronic condition, or it may 
end as abniptly as it began (Chart 22). 

3. Fulminxding bacillary dysentery, — These are invariably Shiga infections. 
The attack generally begins suddenly, it may be in the middle of the night, 
with chills or smart rigor, vomiting, headache, and a rapid rise of tempera- 
ture to 100® or even 104® F. Very shortly after the rigor, purging begins, 
the stools rapidly assuming dysenteric characters. In from two to three 
days up to a week or longer, vascular failure sets in with a subnormal 
temperature, and the patient dies, or the toxaemia may be so virulent that 
death may take place before dysenteric stools are passed. The tongu(‘ is 
thickly coated, and other signs of an acute toxaemia are present. The 
abdomen is sunken and acutely tender. The stools rapidly become 
liquid, offensive, and greenish or greyish. Towards the end, neither 
blood nor mucus may be visible in the almost imcountable evacuations. 

A choleraic form, in some respects resembling* cholera, has been noted. 
The onset is acute, with vomiting. Collapse with its attendant phenomena 
sets in early. The stools are liquid, serous, light -coloured, with blood and 
mucus flecks. The temperature is subnormal and death may take place 
within thrive days. 

4. Uelapsing bacillary dysentery, — In a proportion of bacillary dysenteries, 
although the urgency of the initial attack may subside, dysenteric symptoms 
do not completely disappear. The stools may recover their fseculent 



Chart 22.— Bactliary dysentery: 
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character, or may even show some signs of formation, yet they continue 
to be passed too frequently, often preceded by griping, and contain a 
variable amount of muco-pus, with or without blood. Cases of this type 
may be due either to a fresh, or to recrudescence of an old infection. 

5. Chronic hadUary dysentery, — In quite a large proportion of cases of 
acute dysentery the faeces do not become absolutely normal for a consider- 
able time after abatement of the more urgent symptoms. On the slightest 
indiscretion, the old symptoms re-appear, provoking unexpected attacks 
of diamrhcea. For months, or even years, some patients never pass a 
perfectly healthy stool, the unformed motion always containing muco-pus 
and at times blood. Often there is a tendency to scybalous stools, or to 
constipation alternating with diarrhoea. 

Since the end of the 1914-1918 war a type of chronic bacillary dysentery 
has been quite common ; it differs from any previously described. The 
initial attack may have been so mild that it has passed unnoticed, but 
recurrences take place, with passage of blood and mucus, becoming more 
frequent and intense as years go by. Eventually the stools resemble 
those of chronic ulcerative colitis. 

The following varieties may be distinguished : — those with superficial 
ulceration from which the causative organism may be isolated by rectal 
swabs ; those without actual ulceration, but with patches of granulation 
tissue in which cultures are negative ; and finally those with generalised 
mucoidal inflwnmation and deep involvement of the bowel wall. 

The course of these cases tends to be progressive, and, unless 'vigorously 
treated with sulphaguanidine they may terminate fatally. Emaciation 
may be extreme, especially in native races ; an adult may weigh less than 
49 lb. (Fletcher and Jepps.) Considerable anasmia may develop, with 
cardiac failure and dropsy. Death may ensue from exhaustion, or from 
some intercurrent disease; such as tuberculosis or malaria. 

Bacillary dysentery in children. — Infection with dysentery bacilli (Shiga 
or Flexner) in small children, especially Europeans, may produce most 
acute and rapidly fatal symptoms. They may die in convulsions before 
the intestinal symptoms have had time to develop. The cases may 
resemble meningismus, and at the onset, on account of pyrexia and 
toxaBmia, simulate enteric infections. 

Poet-dysenteric ascites, — Megaw is of the opinion that the ascitic which is 
so common in most hospitals in India is a sequel to bacillary dysentery. 
When bacillary dysentery ir not treatcMl, or is improperly handled, the 
dysenteric toxins pass thmugh the intestinal wall and set up an irritative 
peritonitis which is followed by fibrosis of the peritoneum. The result is 
ascites, which, according to Snapper, may be associated with liver cirrhosis. 
Massive serous intraperitoneal effusions, which may prove fatal, have been 
recorded from the Middle East. 

Symptoma of Sonne dysentery.— In most cases mild attacks of 
dys^teriform diarrhoea are the rule. The faeces are greenish, or yellowish 
and offensive, with blood-flecked mucus from which the organism may be 
coltored. In the more acute attacks the symptoms more closely resemble 
those of Flexner dysentery, with sudden onset of colic, dmrrhosa and, later, 
blood and mucus. Sometimes, however, they are still more acute, 
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with pyrexia and vomiting, and may assume an alarming aspect 
reminiscent of salmonella infections. The;i “ tomato soup ” stools are 
passed, followed by rapid prostration. Sonne infections are usually 
pyrexial at the time of the abrupt onset, but in the milder cases the fever 
is slight and transient. A feature is associated catarrh of the respiratory 
tract with diarrhoea. Rhinitis may precede the abdominal symptoms. 
Acute Sonne infections in children up to nine years of age may cause 
sudden death. Some observers believe that in this instance the symptoms 
are produced, not so much by the organisms, as by their toxins in con- 
taminated food, which forms a favourable medium for their propagation. 
In mental institutions Specially Sonne infections are apt to attack the 
inmates. 

Cruickshank and Swyer found that, by repeated examination of faecal 
specimens and rectal swabs, Sonne’s bacillus could be isolated in most 
cases, and that the latter method gave a higher proportion of positive 
results. The Sonne bacillus persists in the intestine in a gradually de- 
creasing proportion of cases after subsidence of the acute manifestations. 
Thus, the convalescent carrier becomes an important reservoir for its 
spread. Three consecutive negative laboratory reports should be obtained 
l)efore the patient is released from hospital. 

Predisposing causes. — Bacillary dysentery is especially apt to attack 
those who are in an enfeebled state owing to starvation, unsuitable 
dietary, physical exhaustion or exposure, or whose health has been under- 
mined and resistance lowered by some chronic disease such as malaria, 
tuberculosis, scurvy or enteric. In the feeble-minded, in very yoimg 
children, in the aged, and in pregnant women, bacillary dysentery is apt to 
assume a serious toxic aspect. Young children usually show pronounced 
symptoms of tox»mia, and die in convulsions or in coma. 

Gomplicatloiis. — Dysenteric arthritis ^ or dysetUeric rheumatism r has long 
been recognized in India. Effusions into the cavity and ligaments sur- 
rounding the joints, especially the knee and ankle, may take place during 
the acute stage, or, more generally, during convalescence when the stools 
are fseculent (Fig. 67). It may be common in some Shiga epidemics, 
absent in others. Considerable pyrexia is usually present. The con- 
dition may last a considerable time, but usually clears up without leaving 
defonnity, though, exceptionally, permanent disability may result. 
According to Oraham, complete recovery eventually ensues, even after 
arthritis has persisted for six months. Aspirated synovial fluid is sterile,^ 
but agglutinates dysentery bacilli (Klein) in a titre considerably higher 
than that given by blood-serum. This condition has to be distingui^ed 
from fugitive serum-arthritis, such as sometimes occurs after injection of 
anti-dysenteric serum, and also from acute rheumatoid arthritis. 

Eye complications. — Acute conjunctivitis and iridocyclitis are now 
regarded as symptomatic of dysenteric toxasmia. The former is frequently 
seen in association with arthntis, whilst iritis supervenes in a sm^ per- 
centage of cases. The pupils are irregular in outline, with ring synecM®. 
There is also anterior uveitis, with adhesions to the capsule of the lens, 

^ SUga't bAoUluf bM been ttolated from the fluid In one instance (Biwokhjr). 
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formed by a thin exudate occupying the pupillary space, causing photo- 
phobia, blepharospasm and marked circumcorneal hypersBinia. The 
aqueous humour has been found to agglutinate Shiga’s bacillus, though 
the tears do not contain specific agglutinins. That the eye and joint com- 
plications are due to the dysenteric toxin is indicated by experimental work 
on animals. This shows that the filtrates of Shiga cultures, when injected 
intravenously, produce iritis and arthritis, as well as local lesions in the 
caecum. 

Other coviplicaiions. — Parotitis, unilateral or bilateral, has been often 



Fig. 47.— Arthritis of hands and knees in bacillary dysentery. 


observed. Intussusception of the small intestine has been found in children, 
and in acute cases may cause death. 

During the present war in the Middle East the list of complications has 
been amplified to include intestinal haemorrhage, perforation with 
peritonitis, chronic peritonitis with localized or general effusion of peritoneal 
fluid, pneumoperitoneum, portal pyaemia with multiple liver abseefises, 
thrombosed piles, rectal prolapse, periplieral circulatoir failure in toxic 
cases, renal failure in Shiga infections, pneumonia, and diffuse pui^uric 
rashes. Non-specific urethritis is now also recognised. 
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Benal failure which has clinical resemblances to that found in traumatic 
anuria (cnish injury) results from various factors, in which dehydration and 
toxaemia play a part, loading to reduced glomerular filtration and degenera- 
tive changes in the tubules. The urine contains granular casts and 
albumin, so that azotaemia and oliguria ensue, and may end In uraemia. 

Sequelae. — Stenosis of the large intestine may result from an acute 
attack. Pain and abdominal discomfort may indicate abdominal adhesions 
which are an occasional sequel. Rarely, megacolon may, apparently, be 
produced. Mucous colitis frequently persists for years. Peripheral 
neuritis of the legs may follow bacillary dysentery. Post-dysenieric 
tachycardia, or effort syndrome, a condition of irritabh* heart, may 
persist long after dysenteric symptoms have disappeared. Achlor- 
hydria, rarely achylia yastrica, may be responsible for digestive troublt^s 
which may follow dysenteric infections. 

Bacterium coli infections of the gen i to- urinary tract frequently com- 
plicate chronic bacillary dysentery as the result of the specific kidney 
lesions productni by dysenteric toxins. This possibly is the explanation 
of the comparative frequency of this infection in troj)ical residents. 

Bacillary -dysentery carriers. — The “ carrier question ” in bacillary 
dysentery is probably not so serious as in typhoid, as the bacilli remain 
confined to the intestines and to the mesenteric glands. 

There an» many circumstances which render the “ carrier state in 
biicillary dysentery difficult to detect. Dysentery bacilli, as a rule, are 
scarce and likely to twape deU*ction in a faical stool, though with improved 
methods of isolation by d(‘8oxycholate agar, the carrii^r rate has bei'ii 
found to be about 10 per cent. It is probable that carriers are the starting- 
point of an epidemic. The majority an* “ corwaleMent carriers,'' a term 
which implies that the patients have incompletely recovered, and continue 
to pass blood and mucus and dysentery bacilli in their stools. There is no 
evidence that the gall-bladder acts as a r(*serv\»ir, as in ty|)hoid ; or that 
the “ carrier state ” persists for any great length of time. The organisms 
continue to live in mucous retention cysts in the intestinal mucosa, in 
colU^tions of pus from beneath the scars of ulcers or beneath their edges. 
The maximum period that this carrier state can last is about three years. 

Carriers of Flexner bacilli are much commoner than those of Shiga. 
Generally, the Flexner carrier is in good health, while the Shiga carrier 
is more or less an invalid. 

Bonietinu*s bacillary inflammation or ulceration is localized to the lower 
rectum (granular rectitis). These patients pass blood aiKhmucus in their 
stools, though otherwise in good health. The bacillus may be isolated, by 
im^ans of rectal swabs, a year or more after the initial attack. Fortunately 
they are easily cured by sulphaguanidine {see p. 482). 

Mioroecopio examination of the fasces usually affords little assistance in these 
cases. The chances of isolating the specific bacillus are considerably increased 
by making oulturos direct from the mucosa by rectal swabs, or from scrapings 
of ulcers obtained through the sigmoidoscope. 

Dysentery bacteriophage.— D’Herelle observed that filtrates of con- 
valescent dysentery stools developed the property of clearing broth cultures of 
Shiga’s bacillus, but when a few drops of filtrate were added to a fresh culture, the 
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bacilli were again dusolved, and that this process could be repeated indefinitely. 
Shiga's bacillus was first recognized as susceptible to bacteriophagy. The 
bacteriophage consists of ultra-microscopic particles measuring 20-30 Many 

races of bacteriophage are yirulent for Shiga's bacillus, but that obtained &om 
Flexner bacilli is Active solely for the homologous organisms. Bacteriophage has 
been isolated from the stools of patients convalescent from acute and mild 
bacillary dysentery. It appears probable that improvement in the clinical 
condition coincides with the increased bacteriophagic potency. Dysentery 
bacteriophages have been prepared for therapeutic use. 

Diagnosis. — Difficulty in the diagnosis of bacillary dysentery on clinical 
grounds is mainly confined to the milder forms. Whenever possible, a 
confirmatory laboratory diagnosis shbuld be carried out. 

The possibility of malaria in the course of bacillary dysentery should 
always be borne in mind. The concurrence of a subtertian malaria with 
bacillary dysentery may be particularly serious. 

A tentative diagnosis may be made from a microscopic examination of 
the celhdar exudate in the stools by the method known as cyto-diagnosis. 
For this purpose the specimen should be procured fresh from the patient 
and as early as is possible in the disease. The characteristic feature 
of the bacillary stool (Plate XI), is the preponderance of swollen poly- 
morphonuelear leucocytes, with distinctive ring-like nuclei, which con- 
stitute over 90 per cent, of the total cell elements in the stool. The 
examination should be conducted with a J-in. lens and a low ocular ( X 2). 

Macrophage cells {histiocytes). — These cells, sometimes 20-30 ft in diameter, 
are derived from the endothelium of the capillary vessels. They may be 
round, oval, or even bilobed. They are hyaline, and contain in their 
substance vacuoles, fatty granules, ingested red blood-corpuscles, or even, 
occasionally, leucocytes. They are non-motile, but, owing to their 
phagocytic activities, are apt to be mistaken for Entaviceba histolytica. 

lie differential-cell picture in dysenteric exudates has been distinguished 
by Alexeieff as a “ pyogram.*' In amoebic dy^jentery f»ces the cellular 
elements are few and mononucleated ; in bacillary dysentery, numerous and 
polymorphonuclear, with pseudopyknotic nuclei. 

It is important that the significance of macrophage cells in bacillary dysentery 
stools should be emphasized. Willingness to dispose amcebic dysentery is 
very pronounced in almost every tropical country. It is roost important that 
pathologists should acquaint themselves with the appearance of inflammatory 
cells in the fasces, as well as with the different stages of the dysentery amoeba, 
before an expert diagnosis is given. The main features of the cyto-diagnosis of 
dysentery stools were pointed out by the Editor in 1912 and this method was 
practised throughout the 19]4-)918 war, since when, especially in recent 
epidemics, its value has been amply confirmed. 

Enlamceba coli and flagellate protozoa {Chilomastix and Trichomonas) 
may be seen in considerable numbers in a bacillary-dysentery exudate, 
especially during the convalescent stages. Some difficulty may be ex- 
perienced in differentiating E. coli from E. histolytica in bacillary-dysentery 
stools. 

IsdaUon of the dysentery hociHiis.— The stool should be collected in a bed-pmi, 
which should contain no disinfectant, and the patient should be waimd agidnst 
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passing urine. A portion of freshly^passed blood and mucus should be picked out 
by a platinum loop, and, if soiled with faBces or urine, should be rinsed in 5 c.c. 
of distilled water or normal saline solution. The earlier in the illness, the easier 
it is to isolate the dysentery bacillus. It is, as a general rule, difficult when the 
dysentery has lasted five days or longer. Faeces despatched for laboratory 
examination through the post, or by messenger over long distances, should be 
emulsified with a double volume of buffered glycerol Saline — 1 part of glycerine 
to 2 parts of saline, buffered by the addition of 5 per cent, acid sodi phosph., at 
pH8. The mixture is tinted with phenol red so that any change in acidity can 
be detected. Dysentery bacilli are very delicate, and never occur in great 
numbers, even in a fre^y-passed stool. The mucus, or two loopfuls of the 
suspension, should be spread, in a spiral manner, somewhat thickly, upon a 
MacConkey agar plate, or, better, on desoxycholate citrate agar, which inhibits 
to some extent the growth of Bact, coli. The plate should be incubated at 37° C. 
in an inverted position for eighteen hours, when the small blue transparent 
colonies can be examined with a watchmaker *8 lens. As a rule, Shiga colonies 
are more refraetile and of a more regular outline than are those of the Flexner- Y 
group. It is a good plan to hold a piece of dark paper against the back of the 
plate to make their recognition easier. 

Identification of the colonies may be carried out as follows : four or more 
should be picked o^ with a platinum spud and transplanted on \o agar slopes, 
and, after further incubation, these subcultures should be emulsified and tested 
in high dilutions against Shiga and Flexner sera in agglutination tubes. The 
macroscopic method is usually employed, or the test may be performed on a 
microscope slide or on the agglutinometer. By means of a capillary pipette, drops 
of bacillary emulsion are placed together with an equal quantity of specific sera 
diluted to 1 in 50. The resulting ddution will then be 1 in 100. After oscillation 
for three minutes, should the reaction be positive, snowfiake agglutination occurs. 

After these measures, diagnosis may confirmed by inoculating subcultures 
of the organism into the sugars (Table VII, p, 468). Direct culture by the rectal 
swab method offers obvious advantages and results in a higher proportion of 
positives. 

I^okUim of the dysetUery baciUtis post mortem , — The bacillus can be isolated 
from the acutely inflamed mucosa by washing the canal free from intestinal 
contents and scraping off the blood and mucus with a platinum loop, but from 
necrotic mucosa this is by no means easy. In this case the surface must be 
first seared with a hot knife or glass and incised, and material for culture obtainecl 
with a platinum loop from the bottom of the incision. 

Serological diagnosis, — This is of little value as an aid in the early stages 
of the disease, or in the very acute or rapidly fatal types in which it is so 
important to arrive at an accurate diagnosis. The sera of some patients, 
proved to be suffering from bacillary dysentery by isolation of the specific 
organisms from the stools, may give negative agglutination' reactions. 

For the diagnosis of Shiga infections in convalescent or chronic oases, positive 
agglutination of over 1 in 25 should be obtained. In Flexner infections an 
agglutination of 1 in 100 indicates positive diagnosis. Davies found dysenteric 
agglutinins were present in dysenteiio stools, even when absent from the serum 
of the patient, especially during the first week. Blood and mucus from the 
fresh exudate are shaken up with normal saline, filtered and put up for agglutina- 
tion in the same way as serum. 

Serological diagnosis may be of considerable assistance in chronic 
bacillary dysentery, where high-titre agglutinations are sometimes obtained, 
f^pecially with emulsions of the pooled Boyd strains of Flexner bacilli. 
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Serological diagnosis of Sonne dysentery by the agglutination test is 
also somewhat unreliable, and appears to depend, to some extent, on the 
strain of organism employed as antigen. 

An intracutaneous test for Shiga dysentery, with Shiga toxin, was 
introduced by Brokman (1928). A negative reaction is dia^ostic of 
infection. Dreyfuss (1944) used a Plexner. vaccine (5 million bacilli), which 
gives a cutaneous reaction in positive cases. 

Sigmoidoscope examination , — Sigmoidoscopy reveals pathological changes 
in the colon and therefore plays an important part in the differential 
diagnosis of the dysenteries. It is especially useful in chronic cases, and 
should be employed wherever practicable. For preparation of the patient, 
a cathartic of J oz. of castor oil is given : the following morning the bow(d 
is cleared out by a warm-water enema. If the patient has acute diarrhfea, 
omission of castor oil is advisable, though in any case it should not be 
given later than 2 p.rn. on the day preceding examination. It is advisable 
to give iO-15 min. of tincture of opium half an hour before in order to 
render the rectum less sensitive. The mucous membrane of the rectum is 
replaced by granulation tissue with surrounding hyperaemia, and has a 
characteristic appearance resembling the cortex of a granular kidney ; at 
the same time infiltration of the bowel can be detected (Plate XIII). 
Superficial oval or circular ulcers, up to 1 era. in diameter, are also seen in 
the chronic stage, and sometimes even pseudopolyposis of granulation 
tissue. In the healing stage the mucous membrane is rose-pink and 
slightly nodular. Widespread superficial pitting at the site of former 
ulceration is characteristic and it is possible by this feature to state 
definitely that the patient had suffered from bacillary dysentery. The 
passage of the instrument is attended by pain due to stretching of the 
bowel wall. This is almost diagnostic, as in amcebic ulceration it is 
usually painless. 

Differential diagnosis of the dysenteries will be dealt with on p. 625. 

Pro^osis depends very much upon individual susceptibility and 
physical condition. In the jails of India, In fact throughout that country, 
though bacillary dysentery is widespread, the case-mortality is very small. 
In many thousands of cases among British troops in the 1914-18 war, it is 
doubtful whether it at any period rose above 5 per cent. Epidemics in 
native races have been recorded where the mortality was over 28 per cent., 
and others among debilitated Solomon Islanders in which it was 47 
per cent. Prognosis is unfavourable in chronic cases, especially in poverty- 
stricken, malaria-infected, half-starved natives. 

Treatment. — The patient should be placed in bed on the appearance of 
the first signs, and should on no account be permitted to get up in order to 
pass his motions. A bed-pan should therefore be employed wherever 
nureing facilities are available. In the choleraic or fuh^ating cases in 
which the passage of stock is incessant, and the physical exhaustion con- 
sequently very great, it may be advisable to dispense with a bed-pan 
altogether. The patient should then be placed upon a waterproof slieet writh 
a gamgee dysent^ pad. For this purpose the attendant, for self-protec- 
tion, should wear rubber gloves, as the discharges are hi^ly infectious. 

The stock should be periodically inspected, for by mcse, supplemented 
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TABLE VIII 

Diagnosis between Bacillary and Amcebic Dysentery 


BACILLARY DYSENTERIES 
Acute diseases with a tendency to 
epidemic spread. “ Lying down 
dysentery.” 

Incubation period short, 7 days 

Onset acute. 

Pyrexia common. 

(burse days or weeks. 

Complications : Polyarthritis frequent ; 
eye complications. 


Death due to — 

(a) Exhaustion. 

{b) Toxsemia. 

(c) Glomerulonephritis. 

Signs : Tenderness over whole ab- 
domen, more marked over sigmoid 
flexure. 

Tenesmus very severe. 

Pathology : Acute diffuse necrosis of ! 
mucous membrane of large intestine, | 
due to dysenteric toxins. 

Ulcers : When present, on free edge of 
transverse folds of mucous membrane 
and distributed transversely to long 
axis of gut. 

Serpiginous in outline, with ragged 
undermined edges, often communica- 
ting with neighbouring ulcers ; bases 
consist of granulation tissue. 

Intervening mucous membrane hyper- 
fiemic.Ulcers rarely perforate.No com- I 
pensatory thickening of bowel- wall. ' 

Stools : Scanty ; many in number. 
Bright blood -red, gelatinous, viscid 
mucus, odourless, resembling red- 
currant jelly. 

Reaction : AlkaUne. I 

Microscopic picture : Numerous red 
cells ; polymorphonuclears numer- 
ous, with clear-cut ring nuclei. 
Macrophage cells. Few . micro- 
organisms visible (Plate XI). 


Blood examination : I.ieuoocytosis in 
the early stages. 

32 


! AMGBBIC DYSENTERY 

I A chronic endemic disease. “ Walk- 
ing dysentery.” 

Incubation period long, at lesist 20-90 
days ; it may be more. 

Onset insidious. 

I Pyrexia rare, unless complicated. 

I Course usually prolonged for years. 

I Complications : Hepatitis, abscess of 
! liver ; abscesses more rarely in other 
j situations. Pericolic abscess. Amoe- 

j bic infection of skin, 

j Death due to — 

(а) Exhaustion. 

(б) Perforation. 

(c) Haemorrhage. 

(d) Liver abscess. 

Signs : Local tenderness and thicken- 
ing, mostly over sigmoid flexure, 
transverse colon, and caecum. 

Tenesmus not usually noted. 

Pathology : Local lesions confined 
solely to the large intestine, due to 
the characteristic ulcers. 

Ulcers : Commence as small abscesses 
of submucosa in long axis of gut. 
” Flask-shaped ulcer,” or Bouton en 
chemise^ ” sea anemone ” ulcers. 

Oval, regular, flaisk-shape in sectipn, 
involving all coats ; baises consist of 
necrotic black tenacious sloughs 
(” Dyak-hair ” sloughs). 

Not uncommonly perforate ; compen- 
satory thickening of bowel-w'all. In- 
tervening mucous membrane normal. 

Stools : Fajoes intermingled with blood 
and mucus, resembling anchovy 
sauce (sago-grain stool). Offensive, 
smelling of decomposing blood ; 
generally copious. 

Reaction : Acid. 

Microscopic picture : Red cells nu- 
merous and in clumps, polymor- 
phonuolears damaged, often extruded 
nuclei. Macrophage cells scanty. 
Large numbers of motile bacilli and 
Eniamosba generally with 

ingested red cells. Charcot-Leyden 
crystals common (Plate XU). 

Blood examination : Usually a mod- 
erate leucocytoeis throughout. 
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by the appearance of the tongue and the general condition of the patient, 
the progress of the case can best be ascertained. 

Attention should be paid to the diet, which should be nutritious and 
easily assimilable, leaving as little residue as possible. Nothing but water 
shoidd be given for the first twenty-four hours. The best diet is one con- 
sisting of tea, jellies, albumin water, rice water, chicken soup, beef tea, 
Brand’s essence, arrowroot, Horlick’s, Bengers, sago puddings, any of which 
may be given at two-hourly intervals in small quantities (6-10 oz.), 
slightly warmed, at each feed. Non-residue diet should be instituted when 
blood and mucus have disappeared from the stools. Treatment should be 
preceded by a mild purge, the most suitable being sodium or magnesium 
sulphate. The routine treatment with saline aperients was once almost 
universally employed, but is not now recommended, especially in dehy- 
drated cases. 

Sulphaguanidine (p-amino-N-guanylbenzene sulphonainide) is a guani- 
dine analogue of sulphapyridine. It was first prepared by Buttle and 
colleagues, though Marshall and others described its chemical constitution. 
It exerts a bacteriostatic effect on various bacteria in vivo and infra. It is 
moderately soluble in water, insoluble in strong alkali. 

High concentration can be obtained in the intestine associated with low 
concentration in the blood (2-5 mgm. per 100 c.c.) and tissues. Urinary 
excretion is three times as rapid as that of other sulphonamides. Although 
sulphaguanidine may be excreted as crystals, no renal complications 
have so far been reported. The drug is undoubtedly less toxic than other 
sulphonamides. The toxic reactions observed include headaoht*, malaise, 
purpuric skin rashes, mild pyrexia and ansBinia. Agranulocytosis or 
jaundice have never been observed. 

The dosage of sulphaguanidine in acute bacillary dysentery is : an 
initial dose of 0*1 gnu. per kilo (or gr. to the stone (14 lbs.) body weight), 
a maintenance dose of 0*05 grm. per kilo four-hourly for the p<*riod during 
which the number of stools exceeds five per day, and a further maintenance 
dose of 0*05 grm. per kilo every eight hours until the stools have been 
normal in number and consistency for two days. Duration of treatment 
should not exceed fourteen days. If necessary, the Cijurse may ho repeated. 
In chronic bacillary dysentery larger doses are necessary : 0*1 grm. per kilo 
every eight hours for the first five days, followed by a dosage of 0*05 grm. 
every ei^t hours for another five days ; this may be repeated in fourteen 
days. Ihe total dosage in acute cases varies from 18 to 850 gnn. ; the 
average effective dose in acute cases is about 180 grm., sometimes between 
100 and 200 grm. In less acute cases the dose sho^d be 18 gnn. in the first 
twenty-four hours, administered in 6 grm. doses three times daily and 
subsequently 8 grm. three times daily for five days. 

The effects may be judged by the change in the patient’s general con- 
dition and the improvement in the stools which, in most cases, become 
porridgy and fiecal in forty-ei^t hours. A diminution in temperature, 
pain and toxiemia take place within twenty-four hours. The mortality 
rate, in the vary extensive series so ffur report^ upon from the Middle Bast 
is less than 1 per cent. Succin^l sulphatbiazole (sulphasuccidine) appears 
to he equally effective, accordmg to Poth and colleagues, especially for 
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children. Sulphapyridine and sulphamethazine in maximal doses are 
also curative, but are more depressing and much more toxic. According to 
Fairley and Boyd, sulphaguanidine treatment should be combined with 
preliminary dosage with magnesium and sodium sulphate and, after two 
hours, with gentle colonic lavage with one pint of normal saline. 

The indications for sulphaguanidine treatment are : cases of proven Shiga 
dysentery, or other infections with dysentery bacilli with frequent dysenteric 
stools, toxaemia and dehydration ; cases with collapse, profuse vomiting 
and choleraic stools ; all cases over 40 years of age, and those who develop 
acute bacillary dysentery in the course of some other illness. Very large 
doses of sulphasuccidine can be given with safety, and it is apparently even 
more effective than sulphaguanidine. 

Opium , — Either by the injection of morphia or in solution, opium is 
indicated as a means of promoting sleep and relieving pain, if very severe. 

Bolus alba (kaolin ), — As a means of checking the diarrhoea and of 
eliminating the dysentery toxins in the intestinal canal, a mixture of 
animal charcoal and kaolin has been utilized in Germany and in Austria ; 
the powder should be given suspended in water in doses of three tea- 
spoonsful every few hours. Crooke’s collosol kaolin has much the same 
effect. 

Anii-dysenferic serum , — Since the introduction of sulphaguanidine the 
value of antidysenteric serum has been discounted. It is now employed 
principally in toxic Shiga cases. Refined anti-Shiga serum, prepared 
by the Pope* process of partial peptonization containing 20,000 International 
Units per c.c., is given intravenously in doses of 5 to 10 c.c. and may be 
repeated daily. The anti-toxic effects appear to be transient. It is best 
combined with sulphaguanidine therapy. No serum reactions have been 
observed with this new preparation. 

Bacteriaphage treatment , — Recovery from an acute attack of bacillary dysentery 
is connect^ with production of a corresponding amount of bacteriophage in the 
intestinal canal. A potent anti -Shiga phage has been prepared by d’Herelle, 
Morison, and others, but it is particularly difficult to obtain accurate statistics on 
the efficacy of this treatment. This phage is distributed in ampoules in quantities 
of 2 c.c. The patient takes three ampoules by the mouth daily, or it may also be 
injected per rectum. Whenever this method has been subjected to critical 
analysis, as in the Middle East during the present war, the results have not been 
conclusive, although it appears to have acquired a reputation in Egypt. 

Belief of pain , — During the early stages of an attack thp patient may 
suffer much from ^ping and tenesmus. IlieBe are generally relieved by a 
hot bath, hot fomentations, or turpentine stupes, three or four of which 
may be sewn into a piece of flannel and laid on the abdomen. This 
application has the advantage of being very light, of not wetting the 
clothes, and of keeping w«mn for many hours. Tenesmus and dysuria are 
best relieved by hypodermic morphia ; by an enema of a wineglassful of 
thin starch containing 40 or 60 drops of tincture of opium ; or by sup- 
positories of morphia and cocaine. Washing out the lower bowel with a 
pint of hot water, with or without boric acid, is sometimes effectual in re- 
moving for a time, or, at oil events, mitigating, the incessant desire to go 
to stool and to strain. Bismuth carbonate, 2 dr,, with tincture of opium, 
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80 min., and thin starch, 2 oz., is also a good sedative enema. Painful 
colic or peristaltic action may be counteracted by the folloi^ing mixture : 

B Tinct. beUadonnie . . . . Htvii (0*414 c.o.) 

Pot. brom. ...... gr.x. (0*648 grm.) 

Tinct. chlor. et morph, co. . . . 1l\x (0*692 c.c.) 

Syrup, aurant. . . . . -31 (3*66 c.c.) 

Aq. menth. pip. ad ... . 5®® (14-2 c.c.) 

Ft. mist. 5 88 t.d.8., p.c., vel p.r.n. 

CoUapse from dehydration and vascular failure may occur at almost any 
stage. An attempt should be made to restore the balance by the intravenous 
injection of large quantities of saline and glucose. Blood and plasma 
transfusions have been employed in these cases with striking benefit during 
the present war. 

Vomiting and hiccough in severe cases should both be regarded as 
serious. 

Treatment of complications. — Arthritis is best treated by application 
of Scott's dressing, radiant heat, or sand-baths at 45'"-60° C. 

Sulphaguanidine treatment appears to he specially efficacious. 

WTien tlie joint is greatly distended the excessive fluid may be aspirated. 
Iritis is treated by atropine, the use of an eye-shade and the usual measurt^. 

The treatment of chronic bacillary dysente^ has been radically 
altered since the introduction of sulphaguanidine, which should be given in 
full doses over a prolonged period of fourteen days or longer. Fairley and 
Boyd, by periodic sigmoidoscopic examination, observ’ed healing of 
chronic ulcers, and even those with exuberant granulations and pseudo- 
imlyposis appear to do well, but it is often necessary to repeat the course 
of sulphaguanidine. In refractory cases it may be necessary to inject the 
sulphonamide by retention enemata, in doses of 7-10 grm. daily, suspended 
in water and mucilage (7-10 ounces). This medicated enema is retained 
from three to four hours. 

Moro*8 apjAe dietary has been used extensively in chronic dysentery in Ger- 
many, both for adults and children ; twenty or more apples made into a pur6e 
are eaten daily. A preserved apple powder, Aplona,^ is made in Switzerland. 
In grave cases nothing besides Aplona is given for three days. The dose for 
adults is 1-1| oz. (3^ oz. of Aplona = 360 calories), and the amount required for a 
day is divided into portions, each of which must be freshly prepared with boiled 
water at drinking temperature, or with weak tea, 60-120 gr. to ^ pint of liquid. 
It must not be brought to boiling point and no sugar should ^ added, but 
saccharine may be substituted. AJ^r the third day it may 1^ added to gruel or 
milk, being first mixed as a smooth paste with water. 

Surgical treatment of chronic badUary dysentery, — Whan less heroic 
meth(^ fail, and the patient’s condition is slowly but progressively 
deteriorating, right inguinal colostomy offers a reasonable chance of 
success. More usually, appendicostoniy is perfonned. The cascum and 
colon may now be wa^ed out with normal saline, or with an astringent 
solution, such as tannic acid (2 per cent, solution), through the appendix, 
as frequently as desired. For this purpose a No. 8 rubber catheter with a 

* Sold hy OfmUm «iid Ooofior, SI Oerkenwell Rond, Londem, K.C.I. 
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copper stylet, and rectal tube with an outflow tube are used. The patient 
should lie on his back ; but should the cascurn get distended and the fluid 
fail to pass freely, turning on the left side will restore the flow. 

Coecostomy and ileostomy . — In oases with pseudopolyposis of the mucous 
membrane and incessant distressing blood-stained diarrhoea, the operation of 
valvular caecostomy should certainly be given a trial. The results have been 
successful in some cases which were incurable by other means. A Paul’s tube 
is first inserted into the caecum and the faeces are allowed to escape through 
it, thereby placing the whole of the large intestine at rest. Then an efficient 
opening is made. The lower bowel may be washed out daily with boric acid 
solution, and the opening may be closed at some subsequent period, after the 
large bowel has been permitted to rest for three months or more ; complete 
recovery of the mucous membrane has been observed by sigmoidoscopic examina- 
tion. A colostomy bag is fitted. The patient may be sent to convalesce and 
encouraged to consume plenty of fresh eggs, milk and fruit. One- barrelled 
ileostomy is sometimes preferable and is recommended by some surgeons. The 
indications here are the same as in ulcerative colitis, but it condemns the patient 
to a permanent colostomy belt and other disagreeable sequelae. 

Ispaghtda . — The boat-shaped seeds of PlarUago ovala have acquired a popular 
reputation in the treatment of chronic dysentery in India. The seeds are either 
chewed, when a gelatinous substance exudes which acts as a demulcent, or the 
pericarp is made into a paste. If taken in 1-dr. doses three times daily, it has a 
soothing effect. Singh recommends a fresh decoction prepared daily by boiling 
two drachms of the seeds in one pint of w^ater, and subsequently straining. 
Chopra has shown that these seeds contain a glucoside aucubin. The mucilage 
which exudes from the seeds is acted upon by the digestive enzymes and coats 
the inflamed mucosa. 

Prophylaxis. — The prophylaxis of bacillary dysentery consists 
principally in securing a pure waiter supply and in avoiding unwholesome 
and contaminated food ; also in eliminating Hies from latrines and in 
protecting food against them. In barracks, camps, lunatic asylums, and 
other public institutions, bacillary dysentery should be regarded as an 
infectious and readily commuiucable disease, and therefore patients 
suffering from mild symptoms, or even looseness of the bowels, should be 
isolatt^d. 

To prevent the spread of bacillary dysentery in closely crowded com- 
munities, it is important to recognize, as early as possible, all carriers and 
mild cases wliioh might otherwise escape recognition. Cunningham and 
oth(*rH have pointed out that, in the prevention of the spread of bacillary 
dysentery in jails, it is essential that the stools of the inmates should be 
inspwted daily. Any inmate foimd passing blood and mucus, even in 
small quantities, should be regardt^l as potentially infectious and as 
p(»S8ibly constituting a carrier of the disease. 

The ireatmerU of carrier^.— The .chronic carrier has in the past been 
difficult to treat effectivily, but sulphaguanidine has transformed the 
situation. It is recommended that this drug should be given in maximal 
doses for periods of 5- 7 days, though it is usually necessary to repeat the 
course. For the drug to exert its maximum action, the fteces must be 
Kept as fluid as possible by means of sodium or magnesium sulphate. 
Carriers of Sonne’s bacillus appear to be especially difficult to cure. 



486 THE DYSENTERIES AND LIVER ABSCESS 

Prophylactic irioculaiions, — The Japanese workers, and later Gibson in 
England, introduced an inoculation by which the toxic effects of the 
bacillus are neutralized by a potent anti-Shiga serum, resulting in an almost 
complete absence of reaction. The vaccine and serum (sero-vaccine) are 
enclosed in twin phials, the bacillary emulsion being contained in one arm, 
the serum in the other. The first dose was 0*25 c.c., containing 500 million 
Shiga organisms mixed with 0-1 c.c. of serum ; the second dose, given 10 
days later, contained 1,000 million organisms with 0*2 c.c. of serum. 

The results were distinctly in favour of this method of protection. 

A similar prepcn*ation was used in Germany and in Austria as “ Boehncke's 
DyMiakia,"* Besredka produced an antidysenterio bihvaccine consisting of dead 
dysentery bacilli with the addition of bile. The technique is to give on three 
successive days before breakfast a dose of bile, followed by a pill containing the 
desiccated vaccine. 

Blanc and Caminopetros employed intramuscular inji^ctions of living 
vaccines consisting of 4-6 thousand million dysentery bacilli, and found that 
they caused slight reactions which resolved three or four days later. They 
concluded that there is no particular danger in using living vaccines. 

Trials are being made with preparations containing dysenteric endo- and 
exotoxins, and al^ phenol-extracts of the O antigen of B, Shigce ; this latter 
excites the appearance of specific agglutinins in the serum after inoculation 
(Morgan and Schutze). 

II. AM(EBIC DYSENTERY AND AMtEBIASI 8 

Definition. — Amoebiasis denotes infection witli the protozoon, Enta- 
nweba histolytica. When confined to the intestinal canal it produces 
atncMc dysentery, or primary intestinal amoebiasis. This is insidious in 
its onset, chronic in its course, and with a marked tendency to relapse. 
When metatastic lesions are produced in the liver and elsewhere it should 
be known as secondary, or hepatic amaSnasis. 

Geographical distribution. — Amoebiasis occurs to a greater or lesser 
degree throughout the tropics and subtropics. During recent years 
sporadic indigenous cases have been found in' Northern Europe (Russia, 
Norway and Germany) and even, rarely, in Great Britain. Specially 
prevalent in India, Indo-China, China, and the Philippines, it is common 
tliroughout North and Central Africa, widespread in the Southern United 
States, South America, and the West Indies. 

Epidemiolo^ and endemiology. — A disease of insanitation, not 
necessarily requiring tropical or subtropical conditions for its propagation, 
amoebiasis aris^ sporadically without seasonal prevalence, but does not 
usually occur in epidemic form in the same manner as the bacilla^ 
dysenteries. Wenyon and O’Connor have shown that the cysts of E. 
histolytfica ^ be demonstrated in the faces of house-flies sixteen hours 
after ingestion, and that flies play a part in the dissemination of amoebiasis. 
There is also muph evidence that contandnaied water and even (rei^ 
vegetables, such as lettuce, may constitute sources of infection. 
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Reports of the outbreak in Chicago in the summer and autumn of 1933 gave 
the total number of oases as 1,409, in that city or traced to other cities in the 
United States, with over 40 deaths. The source was traced to two hotels, where 
the majority of those infected were servants or guests. All carriers of E, histolytica 
were removed from employment, but in spite of these measures, cases continued 
to develop amongst employees of one hotel, where the “ carrier ” rate was found 
to be as high as 47*4 per cent. Further investigations revealed serious con- 
tamination of the water supply from defective drainage and that drinking water 
formed the main channel of infection. 

Considering the susceptibility of the cysts to desiccation, it is probable 
that dust and sand play no part in dissemination. 

Intestinal ainoebiasis is a disease of adult life as a rule. It is rare in 
European children under five years of age, but among Egyptians of the 
poorer class in Cairo, Perry and Bensted found that 13 per cent, of clinical 
dysentery was due to E. histolytica, Biggam diagnosed acute amoebic 
dysentery with liver abscess in an infant three months old, and Williams 
found it in a negro infant of fifteen months on the (xold Coast. As the 
disease has a long incubation period and is acquired from contaminated 
water and vegetables, it is unlikely to occur among carefully nurtured 
children, in whom the bacillary form is much more common. 

Intestinal amoebiasis may produce active symptoms for many years. The 
Editor has treated infections which have persist^ from thirty to forty years 
without seriously undermining the patient's health, so tolerant are the tissues to 
E. histolytica. There appears also to be a difference in incidence of intestinal 
amoebiasis in the sexes. Males, European and native, are more apt to contract 
the infection. Gharpure and Saldanha (1930) reported that in a series of over 
400 post-mortem examinations the number of male cases was quite dispropor- 
tional to the total. Of ammbic dysentery and liver abscess, 90*3 and 93*8 per 
cent, respectively occurred in males ; 9*4 and 6*2 per cent, in females. Below 
ten years of age the incidence of amoebic lesions was 0*9 per cent, and of liver 
abscess nil. The highest peak is reached in the decennial periods 20-40, with a 
proportion of about 30 per cent, of amoebic dysentery and 38 per cent, of liver 
abscess to the total number of autopsies. 

In Armenia, Zaturjan showed that amoebiasis in children usually runs a much 
more benign course than in adults and rarely shows any serious complications. 

iEtlology. — The discovery of amoebsB in dysentery stools was made by 
LOsch in 1875. Originally regarded as a single organism — Arfioeba coli — 
it is now recognized, mainly as a result of the work of Schaudinn, Hart- 
mann, Wenyon, and Dobell, that several distinct species occur in the 
intestinal canal of man, one of which, EntaifKxba hisiolyHcay is pathogenic 
for man, while others — ErUamceba coli, Endoliniax nana, lodavweba 
bUtschlii and Dientaviocba fragilis — ^are harmless species. E, histolytica 
was. originally cultured on egg-medium by Boeck and Drbohlav in 1925 
(p. 1018), but during the last few years it has been grown on a variety 
of serum-media. The term EntamoBba is employed by English authorities, 
though American writers claim that Endanudm is more correct. 

Deieolion of SfUamesba histolytica in stools . — ^When present in stools, entamoebas 
are generally easy to find. It is necessary to pick out a small fragment of 
stool shortly after it is passed, and to lay it on the slide and oompfess it under 
the cover-glass to form a fairly transparent film. Active entamoebas tend to 



488 


THE DYSENTERIES AND LIVER ABSCESS 


oooar in clumps or masses and are not evenly distributed throughout the stool ; 
they may be present in one evacuation but not in the next. Care should be 
taken that the receptacle in which the stool is collected is iree from all traces 
of antiseptic. These amcebse live in the fseces for a few hours after being 
passed and are readily distorted in the presence of urine. The dysentery amoeba 
is a clear, faintly greenish-tinted, transparent body, as a general rule, some three 
to five times the diameter of a red blood-corpuscle. In its vegetative or tissue - 
invading phase it is recognizable by its active movements, as well as by the 
presence of extraneous material, such as red blood-corpuscles, which it ingests. 
The nucleus may sometimes be excentric. The habit of ingesting red blood - 
corpuscles and body-tissue cells is one of the points of distinction between E, 
hidoLyiica and non-pathogenic E. cc^i. 

In firesh and in stained preparations' the amoeba is seen to be made up of two 
zones — a granular endoplasm surrounded by a clear protoplasmic ectoplasm. 
The nucleus shows a characteristic uniform structure if the specimen is fresh 
and fixed while alive ; aberrant forms with fragmented karyosomes, etc., are due 
to degenerative changes (see p. 866). 

These amoebss flow, rather than move, across the slide, and in the living state 
do not always exhibit conspicuous differentiation between ectoplasm and endo- 



Fig. 46. Cameni lucida drawings showing protrusion of pseudo- 
pocfla by Entamoeba hisbdytica. (P.H.M del) 


plasm. They quickly die and degenerate outside the body. At lower tem- 
peratures they remain stationary, but when the slide is warmed, they eject from 
time to time hyaline ** blade-Hke ** peeudopodia (Fig. 68). Degenerating 
entamoebse often contain vacuoles, but these are not normally present. When 
conditions become adverse, they encyst, first passing through a precystic 
stage. 

CysU. — C3mts vary much in size. They contain highly refiractile masses of 
chromatin or chromatoid bodies, which may assume the form of blocks with 
rounded ends, and also glycogen -containing vacuoles. When first formed, the 
cyst contains one nucleus, which m^isures about one-third of its diameter. 
This divides by binary fission, so that finally, in the more mature individuals, 
four small nuclei, each measuring one-sixth of the diameter of the cyst, are 
produced. In general characters the nucleus of the cyst resembles that of the 
vegetative stage. 

Cysts of E. histolytica can survive outside the body of man for about ten days 
if kept moist and cool. Desiccation kills them imtnediately , though they survive 
much longer at lower than at higher temperatures. 

Westpiml has recorded a significant experiment where an apparently harmless 
E, histolytica infection was acquired by the ingestion of cysts. Some m<mths 
later cultures of bacteria isolated from the freoes of acute amesbio dysenteiy 
were ingested and a similar dose was given to a control, l^th the carrier of 
E. hUMytica and the control suffered from diarrheea, but on the twenty-third 
day, the former developed clinical amcebic dysentery. It was finally determined 
that super infection with Fkxner badili excit^ the clinical manifestatiems of 

I * ^ oi attuB\m In Ikioid pmfmmUotin, em SdiMnOUm'* nwtlind (Appendix, p. 101 »). The 

detslls of ■maBAw ere distorted if MueatyUt ere nmde to dqr tbs iiMdinso ss In s olood^Sjiii. 
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amoebic dysentery. Some workers therefore believe that symbiotic bacilli aid, 
or in some way instigate attacks of acute amoebic dysentery. 

Summary of life-history of Entamoeba histolytica , — The active vegetative 
entamoebaB live ou the tissues of the gut^wall, where they ingest blood- 
corpuscles and multiply by mitosis. In primary amoebic lesions they 
make their way into the follicles of the large intestine, where they multiply 
and, partly by pressure, partly by cytolysins, dissolve the interglandular 
tissues, producing small amoebic abscesses in the submiicosa which burst 
and become ulcers. A number of amoebae enter the lumen of the bowel, 
encyst, and pass out with the faeces. The precystic individuals, which 
are free from protoplasmic inclusions, congregate on the surface of the 
bowel. They are smaller than the vegetative forms which continue to 
multiply in the tissues. Typical cysts, smaller than precystic forms, are 
quadrinucleate when fully mature. When swallowed by another host 
they pass into the small intestine, where they hatch into amoebulae which 
attack and invade the tissues. {See Appendix, p. 866). 

This summary epitomizes the generally accepted accoimt of the life- 
history of E. hisfohjtica, but there are some observers, notably Reichenow, 
who consider that it is normally an inhabitant of the lumen of the intestinal 
tract and not a tissue-invader, but that, under certain conditions, the 
amoebae may invade the intestinal wall and thereby give rise to clinical 
amcebic dysentery. He thinks that the normal form is the minuia form, 
which lives in the intestinal lumen, where it reproduces by binary fission 
and produces four-nucleated cysts. Westphal, on the other hand, regards 
E, hisiohfiica as capable of both intra- and extra-cellular digestion. Pro- 
t^lytic ferments, not toxins, are produced. Colonization is in the tissues. 

A characteristic feature of amoebic infection of the intestine is the 
periodic variation in intensity, which may b(» connected with resistance 
on the part of the tissues of the host, or possibly constitutes a feature 
in the developmental cycle of the parasite. 

Occasionally, however, vegetative amoDbee migrate from their site in 
the bow'el-wall and, as tissue-invading forms, enter the venous system 
and are transported to the liver, exceptionally to the spleen, brain or 
lung ; but by so doing they become unable to complete the cycle of 
development as observed in the intestine, for pre-cystic individuals and 
cysts never develop in these situations. Amoebic infection of the skin 
has seen quite often p, 621). 

E, histolytica passers ,^ — The healthy passer (or excretor) o! E, histolytica 
is an individual who has not suffered, and is not suffering, from dysenteric 
symptoms, but passes histolytica cysts, though otherwise in good health. 
Such cyst-passers may have active entamoebae in the tissues of the 
bowel. 

The cyst-passers may be divided into two classes — (1) contacts who have 
never suffert^d from clinical amoebic dysentery, and (2) convalescents who 
have recovered from an attack. It is known that, for every abnormal 
person who is suffering from amoebic dysentery with passage of vegetative 
forms which are non-infective to other individuals, there are large numbers 
of healthy persons who continue to pass E, histolytica cysts, thus 

'* Qfft-iMMMr '* it l:ier« uied in the piece of ** carrier," a term which ia not applicable to E, Mttoiifiiea 
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constituting a perennial source of infection. The vegetative entamceba 
must, in either case, exist on the tissues of the host. We know from 
post-mortem findings in the Philippines, New Orleans and elsewhere 
that ulceration can occur without producing signs or symptoms, and it is 
well known that liver abscess may be produced under these circumstances. 

In Faust’s opinion the conception of amoebic invasion of the human bowel 
should include milder tjrpes of tissue damage. In a series of accidental deaths in 
New Orleans thirteen cases of E. huiolytica infections were disclosed, of which 
seven showed amoebic lesions. There were three types: — (1) initial pinpoint 
ulceration, (2) shallow crater-Hke lesions, (3) extensive very shallow denudation 
of the mucosa. None of these destructive processes extended beneath the 
muscularis mucosae. 

The lesions of the mucosa may actually be microscopic. Cytolysis and 
necrosis of the epithelium is followed in the majority of instances by 
rapid r^neration, so that jirobably only a small percentage develop 
elimeal evidences of amoebic dysentery. The experiments of Walker and 
Sellards showed that out of 20 men fed with E, histolytica 18 becamt* 
parasitized, but only 4 developed dysenteric symptoms, though the 
remainder continued to pass cysts in their stools. 

By intrarectal and intracaecal injection of fasces containing cysts into 
cats and puppies, ulceration of the . bowel-wall and hepatic abscesses 
have been produced ; but, although the faeces may be swarming with active 
vegetative forms, no cyst -formation has ever bc^n observed in these 
animals. Similar lesions have been produced in kittens by intrarectal 
injection of cultures of E, histolytica. 

Infection in carriers of E, histolytica is remarkably persistent and, in 
all probability, unless cured by anti-amcebic treatment, these persons 
continue to pass cysts for the remainder of their lives. 

Craig and other American authorities believe that everyone who harbours 
E, histolytica cysts is a candidate for some more serious complication 
and that therefore every “ carrier ” should receive adequate treatment. 

Incidence of cyst-passers or carriers, — Among British soldiers after a year’s 
service in Egypt, Wwiyon and O’Connor found that there was no marked differ* 
enoe between carriers who had previously suffered fri>m dysentery and those who 
had not (the percentages being 6*5 as against 4*5 per cent.). The carrier rate 
among native Egyptians, as might be surmised, was considerably higher, 13*5 per 
cent. The most surprising outcome of the systematic examination of fieces by 
protozoologists daring the 1914-1918 war was the almost universal presence of 
the histoijrtica carrier. Yorke, Matthews and Malins Smith found a considerable 
percentage of carriers among lunatics, army recruits, and the personnel of the 
navy in England. The two former recorded 5 per cent., the latter 19 per cent. ; 
Kuenen found a considerable number of indigenous infections in Holland, and 
Brug estiinated the carrier-rate as 12*7 per cent, in that country. In the United 
States amongst schoolchildren it may be as high as 10*8 per cent., but in adults 
Andrews and Paulson g^ve a much lo^r fi^re, 0*2 per cent. In New York 
City it is i *1 per cent, among city dwelkrs, and 5*4 per cent, among foodhandlers, 
and in Philadel|diia 5*2 per cent, for the general population. Craig has estiinated 
that 10 per cent, of the total inhabitants of the United States are infected with 
nmmhwliB, The exact signifioance of these figures is difficult to determine. It 
certainly does not mean that this compmtirely laiwe number is suffering from 
fpnm ulceration of the bowel, for indi|^mous amo^ dyseniery is almost unknown 
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in England. Even among the insane, with a relatively high cyst-passer rate, 
“ olinioal amoebic dysentery ” is rare. 

Pathology. — The earliest lesions of amoebic dysentery are minute 
yellow hemispherical elevations of the mucosa, which mark the site of a 
deeper- lying zone of necrosis. By growth in size and localized necrosis 
they form flask-shaped ulcers, the bases of which lie in the submucosa. 
These ulcers are scattered throughout the large intestine, rarely extending 
above the ileo-cascal valve. The appendix may be involved, and Musgrave, 
in 1910, reported three cases of fatal peritonitis due to this ; since then a 
few other cases have been investigated in which entamoebaB were demon- 
strated in microscopic sections. Amoebic ulceration of the ileum was 
described by Biggam. These were acute and rapidly fatal cases, and 
in neither instance were amoebaB demonstrated in the stools but only in 
preparations from the lesions. Active arnoebaB and cysts were found in 
the duodenal juice in one patient in Germany. 

The ulcers may not be larger than a pin’s head or may measure an 
inch or more in diameter, and, as the disease progresses, may become 
even larger. Then the margins are rolled, the edges undermined, and 
the base is formed by fibres of the muscular coat (sea-anemone ulcers). 
The ulcers are capped by dense yellow, green, or even black sloughs (Dyak- 
hair sloughs), which may project into the lumen of the bowel. The 
lesions usually originates in the csBcum, and are scattered throughout the 
transverse and sigmoid colon and rectal canal, though the intervening 
mucous membrane remains healthy. Amoebic lesions commonly extend 
throughout the large intestine as far down as the internal anal sphincter. 

In 186 cases examined poat mortem by Clark in 1924, lesions were scattered 
throughout the colon in 61 per cent, affecting, in order of frequency, caecum, 
ascending colon, iliac colon, sigmoid, rectum and hepatic flexure. At the sites 
where intestinal stasis is greatest there is a tendency for amoebse to invade the 
bowel wall. 

In chronic anuBbiasis there is inflammation and compensatory hyper- 
trophy of the bowel- wall. Sometimes sacculation and constriction of the 
large intestine may be produced by cicatrization (Plate X, Fig. 1). 

Hellards and Leiva demonstrated in experimental animals that when the 
c£Bcum is exposed and infective material is introduced into the lumen, infection 
takes place with surprising regularity, but that, whether it is introduced directly 
into the csscum or via the rectum, initial l^ions occur in the extreme lower part of 
the bowel. Stasis in the largo intestine affords the organisms a foothold, and is 
a factor in determining the location of the initial lesion. Wagner and Beiling, 
whose conclusions are almost identical, found that the amoebae at these focal 
points enter the tissues in one of three ways, ^ing directly into connective 
tissue, crypts, or lymph-channels, where they migrate to the lymph-follicles and 
the submucosa. The intestinal mucosa responds to invasion by secreting mucus, 
which, when mingled with blood, forms an excellent medium for the development 
of amosbiB on the bowel surface. The balance between host and parasite is delicate. 

Thrombosis of the blood-vessels, in which entamoebaB are often found, 
(occurs at the bases of the ulcers, and, by erosion, an arteriole may be 
opened, and rarely severe or fatal haBmorrha^e result. Perforation by 
ulcers, even massive gangrene, especially of the caBCum, may occur, and 
lead to fatal peritoni^. 
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In the healii^ gut, cicatricial pigmented scars mark the sites of former 
ulcers. Adhesions may form between proximal coils of intestine which 
become matted together or adherent to the liver and spleen. Pericolic 
abscesses may sometimes form. 

In chronic cases, polypoid or gangrenous tags project into' the lumen 
of the gut. The intestinal contents may be composed of dark, almost 
black h©monhagic f©cal matter with characteristic penetrating odour. 

Carcinoma may originate at the site of healed aincebic lesions. 

The cadaver shows no signs of toxic absorption, such as occurs in the 
bacillary dysenteries. Apart from wasting, the other viscera exhibit 
few, if any, changes. 

Histology. — The amoebn work their way down the crypts of Lieberkiihn, 
multiply, and, by secretion of cytolysins, (^integrate the tissues of the sub- 
muoosa and produce gelatinous necrosis, with a little surrounding tissue reaction 
and round cell infitration (Fig. 69). In more advanced lesions the entamoDb© 
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may be seen between the muscular fibres and within the peritoneal veins, whence 
they may be swept as emboli into the pmrtal vein, lodge in the liver, and so 
become the startii^^point of an amcsbic hepatitis or liver abscess. 

The saperfidal layers of the doo^ of mi amcebio ulcer become secondarily 
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invaded by baoteria, though the adjacent mucous membrane remains healthy 
and shows few microscopic changes. The precystic forms of E. histolytica are 
found in the intestinal mucus and on the su^ace of the bowel. 

Experimentally-produced amoebic dysentery in kittens differs essentially 
from the disease seen in man. When introduced into the rectum of the cat, 
entamoebae produce, within two to three days, acute inflammation. The lesions 
differ in their generalized and acute character from those observed in man. 
Death takes place from secondary terminal bacterial invasion. Cysts are never 
found, and chronic ulceration does not occur. 

Symptoms. — The incubation period of amoebic dysentery, from the time 
of introduction of the cysts into the intestinal canal until the development 
of symptoms, is of considerable length. In the Chicago outbreak of 
1988 it ranged from seven up to seventy-seven days, symptoms appearing 
occasionally within one week though, in a few instances, not for three or 
four mouths. The fact that amoebic cysts are found in the faeces of 
individuals who may never have had “ dysentery in the ordinary accepted 
sense, suggests that the development of clinical symptoms depends upon 
some secondary bacterial infection. 

The great majority of cases of amoebic dysentery run a chronic course, 
with frequent intermissions and relapses. This latency is one of the 
most striking and characteristic features of amoebic dysentery. The 
onset is generall}' insidious, so that the patient may complain more of 
diarrhcea than of dysenteric symptoms. Perforation of the bowel, leading 
to fatal peritonitis, has been known to occur in patients who, judged 
by clinical data, were not suffering from dysentery. In mild cases the 
patient generally complains of suddenly developed amoibic diarrhoea. 

The symptoms, subji^ctive and objective, may resemble those of bacillary 
dysentery ; but, as a rule, abdominal tenderness is much less acute, and 
may be restricted to the capcum, where it may simulate appendicitis, 
or to the transverse colon, where it may mimic gastric \ilcer ; more 
frequently it is limited to the sigmoid flexure. Should ulceration occur 
in the rectum, tenesmus and straining may be noted. The individual 
stools are larger than those of bacillary dysejitery. They may not exceed 
tliree or four in the twenty-four hours, and are seldom more than twelve. 
As a rule, they contain much dark and altered blood, which imparts a 
penetrating, disagreeable odour. In consistence and appearance they 
resemble artchooy sauce. Often, blood -streaked mucus is intermingled 
with liquid faaces. Metena may occur occasionally. The motions may 
be formed, and streaked with blood and mucus. Gan^enous sloughs 
may be voided. Unless the case is complicated by hepatitis, whemthe 
liver is painful and enlarged, there are seldom any toxic manifestations. 
Acute cases of amoebic dysentery with high fever and urgent painful 
and severe clinical manifestations are rare. In the Chicago epidemic 
acute cases of unusual severity, with pyrexia and other toxic manifes- 
tations (amoebic fever), were noted. 

The patient, as a rule, becomes emaciated, but some remain in remark- 
ably good condition, although suffering from repeated relapses. The 
Editor has seen patients, sufferii^ from chronic amoebic dysente^, 
become grossly fat. Sometimes the skin is myxenoid and the complerion 
has a Bubicteric tinge. The toi^ue is -moist and coated. Vomiting 
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may rarely occur. Generally there Ir a complete anorexia. Dysuria is 
not noted as in bacillary dysentery, and iemsmm is rare. The limr is 
sometimes enlarged, even in the absence of hepatitis. 

In uncomplicated aracebic dysentery there is no pyrexia, but cases 
with periodic rigors, suggestive of malaria, are occasionally met and may 
be recognized by amenability to emetine treatment and by discovery 
of amoebic cysts in the faces. In amoebic dysentery there is usually a 
moderate leucocytosis ( 10 , 000 - 12,000 with low proportion of polymor- 
phonuclears — about 70 per cent.). 

There still remain a number of obscure conditions of which some mention 
must be made. It is probably true, so variable are the symptoms of 
amosbiasis, that almost any intestinal disease may be simulated. Intestinal 
amoebiasis is not invariMy associated with dysentery or diarrhoea. It 
may occasionally be marked by constipation, by intestinal pains or 
disturbances, very often by neurasthenia, bodily and mental lassitude, 
furred tongue, and disordered digestion, popularly described as an “ un- 
comfortable belly,’’ or “ growling abdomen.” In these cases discovery 
of amoebic cysts in the faeces, followed by appropriate treatment, may 
improve the clinical condition. Pathological changes in the bowel may 
sometimes lead to sacculation or even dilatation of the colon. Very 
often the csecum is grossly distended with gas and the sourct* of much 
discomfort. In chronic cases, infiltration of the sigmoid colon, less 
commonly of the csecum, can be detected by abdominal palpation. 

In the course of chronic amoebiasis cachexia ensues, restmibling intestinal 
toxaemia. These patients have muddy complexions resembling in outward 
appearances some cases of diverticuiosis. 

Often, without treatment, symptoms may subside, and the patient 
may be apparently cured, but will relapse after an interval of weeks, 
months, or even seven years or longer. More often he continues to pass 
loose, semi-formed stools. Attacks of diarrhcea alternate with constipation. 
After any physical exhaustion, chill, alcoholic or dietetic indiscretion, a 
fresh exacerbation may supervene. On account of these variable 
symptoms, the infinite variety of abdominal pain, and the occasional 
metenic stools, it is clear that amcebic dysentery has to be differentiated 
from duodenal ulcer, gall-bladder disease, pancreatitis and neoplasm. 
Hepatitis. Acute amoebic hepatitis may supervene at any time during 
the course of amoebic infection, while the symptoms are acute, or during 
a remission. The patient usually expmences great pain over the hepatic 
area*, together with signs of toxsemia and considerable pyrexia. The 
liver itself is enlarged ; it may project below the costal margin to the 
level of the ili^ crests, and be extremely tender. Pain referred to the 
right shoulder is also frequent. Usually there is a leucocytosis of twenty 
to toirty thousand with low proportion of polymorphonuclears. 

mpatitis may subside without any active treatment. There is some 
evidence that in these cases Uie amceb® are distributed throughout the 
liVOT, with embolic spread, suggesting a portal distribution. Fortunately 
it 18 particularly amenable to emetine treatment {see p. 617.) 
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Complications. — Death may result from exhaustion, intestinal hasmor- 
rhage, perforation, or liver abscess. 

The most frequent complication of amoebic dysentery is liver abscess. 

Perforation of the bowel may be sudden, or be preceded by intense 
local pain, which, when restricted to the nght iliac fossa, may be mistaken 
for appendicitis. Occasionally, pericolic abscess may be produced, especially 
in the descending or sigmoid colon. Intestinal obstruction from an amoebic 
granuloma (amoeboma) has been recorded, and when this forms in the 
cfiBCum it may resemble hypertrophic tuberculosis or malignant disease. 

Amoebiasis may be superimposed upon bacillary dysentery, or irice 
versa. In Egypt, intestinal amoebiasis is often found associated with 
BiUiarzia niansoni. Visceroptosis, distension or sacculation of the gut, 
leading to intestinal stasis, may constitute distressing results of amoebic 
dysentery, but stricture of the rectum does not ensue. Appendicitis due 
to amoebic ulceration is not uncommon. Snapper has recorded a psoas 
abscess as the result of perforation of an amoebic ulcer of the caecum. 

Sequelae. — Many sequelae of intestinal amoebiasis have been described, 
often on insufficient evidence, and it is very difficult to prove direct 
association of different obscure clinical states with a past infection with 
E, histolytica. The Editor believes that certain intestinal conditions 
(xjcur frequently as the aftermath of amoebiasis ; such are appendicitis 
(not necessarily caused by amoebic ulceration), mucous colitis, and dm- 
denal vlceratwn. Chronic amoebiasis, besides producing chronic ill-health, 
very often contributes to introspection and neurasthenia. 

Diagnosis. — It is safe to regard acutely developing tropical diarrhoea 
either as bacillary or amoebic dysentery, though clinical distinctions in 
the less acute manifestations are often unreliable. Assistance in diagnosis 
may be obtained from the more rapid onset, the febrile condition, and 
the rapid pulse in the bacillary disease. As a rule, the number of stools 
in bacillary dysentery is greater and their individual size less. The 
character of the stools should also be taken into account. Usually they 
contain more dark blood in amoebic dysentery. Occasionally, however, 
they may l>e tarry, suggesting duodenal ulceration. 

Laboratory diagnosis should alw'ays be resorted to, having regard to 
010 experience of the observer and his ability to determine whether any 
ainoeba-like body discovered in the faces is in fact E, histolytica, E. coli, 
or some large tissue cell, such as a macrophage (Plate XI). With practice 
this becomes comparatively easy. Entamoib® may be ^bsent in some 
portions of a stool, numerous in others. Several preparations must be 
searched, at first with the f-in. lens, subsequently with the J-in. When- 
ever possible, a portion of blood-stained mucus must be picked out for 
examination. The ^organisms may be difficult, or almost impossible, to 
detect in a specimen containing too much blood. It is important that 
the specimen should be as fresh possible. The discovery of an active 
arnceba containing ingested red blood-corpuscles is generally sufficient 
to establish the diagnosis of £. histolytica. In the more chronic and 
latent forms of the disease the characteristic cysts must be sought. 
Entamceba and their cysts can at first be recognized under a low-power 
lens as “ bright stars,” of higher refractility than other cells, especially 
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with the eosin contrast method whereby the background is stained pink 
whilst cysts stand out as clear retractile objects. Examination should 
not be considered as completely excluding an amoebic infection until the 
stool has been searched on each of seven consecutive days. Cultural 
methods may assist diagnosis in scanty infections. 

In cases in which there is any doubt of the identity of the cysts, ^ they 
may be stained by the rapid, or by the more prolonged iron-haematoxylin 
method (p. 1012). Mixing the fresh faeces with a solution of Weigert’s 
iodine (p. 1012) brings out nuclei and other characteristics. 

Charcot-Leyden crystals are commonly found in the faeces in amoebic 
dysentery, and their presence has been regarded as of diagnostic importance. 
The crystals vary very much in size, averaging 5-25 ; their typical 

shape resembles a whetstone, and they are soluble in warm water, strong 
mineral acids, and alcohol. They may also be found in preparations from 
amoebic ulcers, made through the sigmoidoscope (Plate XII). 

The Editor emphasizes the danger of attaching too much importance to 
Charcot-Leyden crystals as necessary diagnostic of intestinal amoebiasis. He 
has found them in malignant disease of the rectum, mucous colitis, coccidiosis 
{laospora hominis), ulcerative colitis, and various helminthic infections (see 
p.lOIl). 

CtmpUment-fbxUion reaction (Craig). — Craig described a technique for the 
preparation of amoebic antigen and for carrying out this test, which is practically 
the same as that used for the Wassermann reaction. The antigen is an alcoholic 
extract of cultures of E, histolytica grown upon a modified Boeck-Drbohlav 
medium. A rich culture is selected and from this at least 120 SUb-cuitures are 
made. Then all the material at the junction of the egg slant with Locke's serum 
solution is pipetted into suitable tubes, centrifuged and the sediment extracted 
in the incubator at 37® C. for fifteen days with seven and a half volumes of 
absolute alcohol. Craig has now published results from 1,000 cases in which 
diagnosis was checked by the fmces examination. Of those giving a positive 
reaction (175), E. histolytica or cysts were found in the feces of 89*7 per cent. 

Meleney ai^ Frye have tested the value of complement-fixation in experi- 
mentaUy infected animals inoculated parenterally with amcebic extracts. 
Experimentally infected dogs and monkeys usuaUy gave a positive reaction. 

IntmdemuU tesl, — The intradermal test of Scalas is as follows : the test material 
is obtained by mixing mucus containing E, histolytica with 30 c.c. of physiological 
saline solution, and incubating the result for one week at 37® C. with daily shakings 
and deoolorization with animal charcoal. In positive reactions an indurated 
swelling at the site of inoculation is produced. 

Sigmoidoscopic examination . — Amoebic ulceration may extend into the 
rectal canal, so that sigmoidoscopic examination, conducted without an 
anaesthetic, usually affords valuable information. Quite coiiunonl^, 
small yellow ulcers with surrounding hyperemia are seen, especially in 
the region of Houston’s valves. It is often possible to find living en- 
tamoebse in the scrapings, even when they cannot be ffemonstrated in the 
fsBce^. In contrast to chronic bacillary dysentery, instrumentation is 
practically painless. Amoebic ulcerations may be touched or scraped 
vdti^out causing any painful sensation. The mucous membrane surround* 
ing individual lesions shows absence of inflammation, preserving its normal 
piu colour, but it is usually more reticulated and folded t^n normalf 

* Oofioaitimtfcm mmy alto be emplpjred tar reoegnltloii of B. Mtkttytiea cfSta (p. 1012). 
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AmcBbic lesions are then seen in the crypts between the folds, either as 
small, yellow elevations the size of a pin’s head, or as superficial snail- 
track ulcers with hjeniorrhagic margins (Plate XIII). Often the only 
signs of abnormality are small, flame-shaped heemorrhages, in the centre 
of which the entamoeb® may be denionstrated in scrapings obtained by 
means of a long-handled Volkmann’s spoon passed through the sigmoido- 
scope (Fig. 70). A porcupine quill forms a convenient instrument for 
transferring material from the spoon to the microscope slide. 

In the Editor’s series of 635 cases of intestinal amoebiasis, 609 were 
diagnosed by microscopic examination of faces, in the remainder by 
demonstration of amceb® in scrapings from amoebic ulcers. Out of 258 
sigmoidoscopic examinations, characteristic amoebic lesions were demon- 
strated in 284. 



In chronic, partially-healed aimebic dysentery, or even iti symptomless 
cyst-passers, amoebic lesions may hi) distinguished as minute oval circular 
pits, or depressions, irregularly disposed. They may be almost microscopic, 
requiring a magnifying eye-piece for their detection. Occasionally 
solitary ammbic ulcers, resembling carcinoma, are seen in the rectum, 
twenty years or more after the primary infection. Pungating granu- 
lomatous masses (amoeboma or amoebic granuloma ta) may be discovered. 

X-rays in diagnosis , — Vallerino described, as indicative of amosbio lesions, 
lining defects in o»cum and ascending colon with deficient haustration of the 
boweb seen alter a barium meal, but not so easily after an opaque enema. X-ray 
diagnpsishas been tried on an extended scale at the Hospital for Tropical Diseases, 
l^ncU^ Occasionally filling defects have been observed in the casoum, but 
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sizoilar appearances are seen in other forms of dysentery and colitis. Only un 
satisfactory assistance can be obtained by this method. 

Differentia! Diagnosis. — Differential diagnosis has to l>c made from many 
other conditions in which blood and mucus are passed in the stools, and this 
means difiFerential diagnosis from all Other forms of dysentery, colitis, or even 
other forms of intestinal disease. Differential diagnosis from malignant disease 
of the bowel deserves emphasis. Many observers — James, Willmore, Gunn, 
Howard, Haran and MendeL^n — ^have described a hypertrophic form of intestinal 
amosbiasis — amoebic granuloma — which may affect different portions of the large 
bowel, csBcum, or sigmoid, and which may produce tumours 12 by 10 cm. in 
extent, and on account of these physical characters may resemble carcinoma 
and cause partial occlusion. The process consists primarily of an isolated ulcer, 
with progressive erosion of the bowel- wall in response to long-continued secondary 
infection. Gelatinous granulation tissue appears, and the process may affect 
the bowel-wall and neighbouring mesooolic fat with enlargement of the mesenteric 
glands. Satisfactory diagnosis can usually be made by microscopic examina- 
tions of scrapmgs or by removing tissues by biopsy when entamoebas may be 
demonstrated in sections. This al^ applies to the solitary ulcers described on 
p. 491. 

Treatment 

Many diverse drugs have been advocated for amoebic dysentery. Treat- 
ment requires careful supervision. Specific drugs may be preceded by 
a purge ; castor oil is the most appropriate. Opium, as a routine measure, 
should be avoided. The dietary should be carefully regulated and, in 
the acute stages, nursing is important. As all drugs used in the treat- 
ment of amosbiasis contain toxic principles, especially emetine and its 
derivatives, a definite diagnosis of amaduasis must be made before they 
are exhibited. Unfortunately there is a reprehensible tendency to inject 
emetine indiscriminately as a diagnostic measure in all cases of dysentery. 

Ipecacuanha*^ — ^It had long been recognized in India and in the Far East that 
ipecacuanha root was a valuable drug in chronic dysentery ; this was Manson^s 
opinion based upon a wide experience in China. Its use is now a matter of 
histoiy, though it is sometimes employed and is still beneficial in the after- 
treatment of liver abscess or pulmonary amoebiasis (see p. 623). Food should be 
interdicted for three hours, a^ then 10 to 20 drops of laudanum given in a table- 
spoonful of water, and a mustard plaster applied to the epigastrium to counteract 
the emeric effects of the drug ; about twenty minutes later, when the patient is 
under the influence of the laudanum, 20 to 30, and even as much as 60 gr. of 
ipecacuanha, in pill, bolus, capsule, or suspension in half a wineglassfiil of water, 
are administered. The dose ofipecacuanha must be continued (^y for at least 
a week. 

1. Emetine.— There are four alkaloids of ipecacuanha — emetine, 
cephffiline, psychotrine, and emetamine, but only the first-named has 
d^ite therapeutic properties. Emetine should be injected subcutan- 
eously or intramuscularly. It is apparently a toxic drug, especially to 
diildz^ and women, when given ^ravenously at in excessive doses. 
It is a white ci^talline powder, sensitive to lig^t, soluble in four parts 
of water, and h^hly irritant to the eye. 

Dobell showed that emetine is lethal to amoebie in coHure, a strengtli of one in 
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five million. Nossina proved that this action is influenced by the acidity of the 
medium. It has a slight action in an acid medium, but the effect increases as the 
reaction approaches neutrality. The optimum is pH 6*8. Oephseline is far less 
effective. It is curious that emetine and cephsel|ne, though pre-eminently active in 
preventing multiplication of E, histolytica, do not apparently exert any direct 
action. On the other hand, a derivative of emetine— ^methoxyemetine, which 
has a potent direct action, fails to cure the infection in man. 

In large doses, more than 1 grain a day, emetine is apt to produce toxic 
symptoms. It may lead to asthenia, cardiac irregularity, emaciation, 
mental depression, and in rare cases to myositis and even neuritis which 
may affect a particular group of muscles and produce partial paralysis. 
Thus, the Editor has seen atrophy of the scapulo-humeral group, resembling 
chronic poliomyelitis. In excessive doses it may actually produce 
(liarrhcea. Emetine therapy is frequently followed by fine branny desqua- 
mation of the skin and an atrophic brittle condition of the nails. (Fig. 71.) 
F.metine injections exert no action on the pre-cystic forms of E, histolytica, 
and are therefore ineffective in chronic cases with cysts in the faeces. 



Pig. 71. — Effect of emetine Intoxication on the nails : increase 
of lanale» striation and brittleness. {Dr. T. Jac.kmn\. 

Attention moat be paid to the toxic manifestations of emetine when given 
injudiciously without proper indications. Being a cytoplasmic poison it is 
especially toxic when given to patients with bacilla^ dysentery. Apart &om its 
gcmeral toxic action on the tissues, it has an especial affinity for the heart. This 
action has been d^own by Epstein to be on the myocardium and the conducting 
fibres, and it may produce auricular fibrillation^ Improperly- conducted emetine 
injoc^ionii, especially in debilitated persons, may produce fixation abscesses or 
Nvidespread cellulitis, and the Editor has seen two cases where this was so extensive 
that the patient nearly lost his arm. Ecaema, or even ulcers, may be provoked 
at the site of injection. Often the stifffiess and irritation resulting ftom emetine 

^ eMrooardlosimpliio methods Hettig imd others have shown that the cardiac effects have possibly 
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injeotioDB are intolerable. Most of these drawbacks may be obviated by giving 
intramuscular injections. Emetine is specially toxic to young children and is 
mentally depressing to adults. It should not be injected intravenously. 

It should never ^ given hypodermioidly to patients who are leading an active 
life or taking hard physical exercise. This rule is too frequently disregarded, 
and permanent cardiac damage is the r^ult. . 

It is best to initiate treatment with a course of deep subcutaneous or 
intramuscular injections of emetine hydrochloride (1 gr. in 1 c.c. of dis- 
tilled water) daily for ten or twelve days. This does not suffice to eradicate 
the infection from the bowel, as the Editor has shown. It sliould there- 
fore be supplemented by a course of the double iodide of emetine and bismuth 
(emetine-bismuth iodide). Emetine^ injections are much more effective 
in metastatic amoebic leswns (hepatitis, etc.) than in intestinal amoebiasis. 

The prevailing practice of giving periodic courses of emetine injections 
in chronic amoebiasis is subject to serious objections in so far as it tends 
to render E. histolytica emetine-fast and to make further treatment in- 
effectual. The renewed practice nowadays of giving heroic courses of 
emetine does not eradicate the infection but poisons the patients. 

II. Emetine •bismuth iodide was introduced by Du Mez in 1915 
and later it was popularized by Dale. It contains 58 per cent, of iodine 
and 28 per cent, of emetine. In the intestine the insoluble salts of bismuth 
are converted into bismuth sulphide after passing the pylonis. It is 
indicated especially in chronic cases and in persistent passers of E. 
histolytica cysts and is given by the mouth. More usually known as 
E.B.I., it is an insoluble powder, from which the emetine is set free by 
contact with the intestinal juices. It was formerly said not to be decom- 
posed in acid solution (e.g. gastric juice), but this is incorrect. It passes 
through the intestinal canal unabsorbed, if compressed into a hard tablet, 
or if coated with some insoluble substance, such as paraffin, vaseline, resin, 
keratin, or stearin. It is best made up in powder form in gelatin capsules 
(Stipules) f or mixed w ith jam or syrup. The maximum mdividual dose 
for an adult is 8 gr. (02 grm.) per diem for ten to twelve constMJutive days. 
Experience has shown that individual doses of 2 gr. suffice and that a total 
dosage of 20 gr. will entirely eradicate infection. For delicate individuals 
and women the dose should begin at 1 gr. and be gradually increased. 
This drug is more easily tolerated in temperate climates than in the tropics. 

The drug is dispensed as a red powder ; the capsules of gelatin are manufac- 
tured as Slipules. No. 5 size capsule will contain 1 gr. of E.B.I. If the full 
dose is given, it is better from the point of view of the patient to take one capsule 
containing 2 gr., but when treatment is commenced with smaller doses the patient 
becomes gradually accustomed to the drug. 

If gelatin capsules have been kept for some Ume, they tend to harden and 
become insoluble. They should therefore be pricked with a pin before being 
administered. 

It is important to observe certain precautions in giving this drug. When 
given at 10 p.m., the last solid food should be taken at 6 p.m. The patient 
diould remain at rest ; he should endeavour to go to sleep, and wjy sidiva 
should be wiped from the mouth. 

* Otemiible iequebv ci tauUm Initetiam mmy be nvolM U Urn iklti ft nioobed siwi tiM 
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Vomiting and diarrhoea are to be expected in the earlier part of the 
course, and are to be viewed as an indication that the drug is being 
absorbed. Diarrhoea is a necessary prerequisite to cure, because precystic 
forms of E, histolytica live on the mucous surface of the bowel where they 
are not affected by hypodermic emetine but are killed by the alkaloid 
in the lumen of ther boweU. If no symptoms of nausea supervene, it is 
probable that the cachets are not being dissolved and their contents freed., 
It is necessary for the patient to remain in bed and take a liquid or milk 
diet with eggs and toast. 

Excessive vomiting and nausea may be mitigated by 10-15 min. of 
tincL opii given half an hour previously, or, in some patients, by nepenthe, 
luminal, allonal, or chloretone. Most patients lose about 5 lb. in weight 
while under treatment. The condition of the heart and pulse should be 
noted daily, but treatment should not be discontinued unless depression 
becomes severe. Almost invariably a fall in blood-pressure (about 20 
mm. of mercury) ensues. Alcohol in any form should be prohibitod. 
When the cure is completed the patient should be gradually permitted 
to resume activity, though dieting {see p. 504) may still be necessary. 

For relapsing oases it was formerly considered necessary to give more than one 
course of E.B.I. and some Cases were thought to be due to amoebae which had 
become resistant to emetine. Too much reliance should not ho laid on isolated 
faeces examinations, on account of the vicarious appearances of cysts, but it is 
advisable to re-examine faeces microscopically at the end of six weeks. The 
results of treatment are much better controlled by periodic sigmoidoscopic 
examinations. For some considerable time after disappearance of active lesions, 
small pits or depressions of the mucous membrane may be seen. 

A modification of E.B.I. — emetine periodide (E.P.I.) — is less toxic. It may be 
given in capsules in dosage of 3 gr. daily, in conjunction with capsules of dried 
ox-bile, gr. 5, which facilitates liberation of emetine. The Editor prefers E.P.I. 
for those who cannot tolerate E.B.I. 

Auremetine (Willmore and Martindale) is a combination of emetine with aura- 
mine (a dye). It is given by the mouth as a dark-maroon powder which is in- 
soluble in water. It is less easily decomposed than E.B.I. in the gastric juice. 
The dose, 1 gr. in gelatin capsules (slipules), is given four times daily on alternate 
days for seven ^ys, and then daily until a total of 40-60 gr. has been 
taken. 

III. lodine-oxyquinoline-sulphonic-acid preparations (Qitinox^Q 
— Sodium-iodoxy-quiiiolino sulphate is also known as Chiniofon (B.P.), 
Yairen (Bayer), Quiniosulyhan (May & Baker), Anayodii^ (U.S.A.)* and 
Dysentillin (German). It is a mixture of four parts of 7-iodo-8-hydfoxy- 
quinoline-5-8ulphonic acid, containing not less than 26*5 per cent, com- 
bined iodine, and one part of sodium bicarbonate. There is some chemical 
reaction, so that the preparation may contain a small amount of sodium 
hydroxyquinoline sulphonate, in addition to sodium bicarbonate and 
iodohydroxy-quinoline sulphonio acid. In solution 100 parts of quinoxyl 

» Tho underlylttg Idea of K.li.I. Uiempy ii that emetine •hould reach the large Inteetlne nnabeorbed. 
Thla pmbieiii haa never been properly tolved. Testa for emetine in the urine should be performed after 
ernetine has been given hyitodermically or- by the mouth. Similarly, tiecee of patients taking various 
mcHUflcaUofui of X.B.l. should be extracted. 8nelUng*s motion for emetine oonsisU of adding a »w drops 
of HCl to potaniuin chlorate, whioh, with emetine, gives an orange red colour which toon changes to violet. 

' A. tomewhat similar compound Is iodoohloroxyquinoUne or vioform, which has proved efiective in 
monlEsj amceblaals (beaks) 
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yield approximately 85 parts of iodohydroxyquinoline sulphonate. 
Quinoxyl can be given (>ither by tlie mouth or by retention enema. By 
the former route the maximum daily dose is 1 grm. (15 gr.) in powder 
form, in capsules, or keratin-coated pills, for ten days. After an interval 
of one week this course should be repeated. The drug is excreted in the 
urine, and can be recognized by the oxyquinoline test (green colour with 
perchloride of iron). Quinoxyl in pill form (4 gr. each), acts best when 
acute symptoms of amcebiasis have been controlled by emetine. The 
maximum dose is four a day. 

To obtain permanent therapeutic results, quinoxyl should be given 
as rectal injections (retention enema), as well as by the mouth. By this 
method it exerts an effective amoebicidal action. The bowel must first 
be washed out and cleared of mucus by an enema (1 pint) of 2 per cent, 
sodium bicarbonate at 8 a.m. One hour later 227 c.c. (8 oz.) of a 2*5 
per cent, solution of quinoxyl, in warm water, is introduced through a 
stout rectal tube. The patient should be encouraged to retain the solution 
as long as possible, from 8 to 10 hours. The solution is then returned 
as a greeniA hquid containing mucus and debris derived from the bowel. 
The course of rectal injections is continued for ten days. The foot of the 
bed must be raised on blocks. The course may be repeated two or three 
times with a week’s interval between each. Dieting and rest in bed are 
absolutely necessary. In resistant cases higher concentrations, up to 3*5 
per cent, of quinoxyl, can be given by retention enemata. 

rV« Ckmibined synergic treatment. — In the Editor’s opinion this 
method of treatment gives far the most satisfactory and permanent 
results. He has tested it out now in over 600 cases of proven intestinal 
amoebiasis during a period of twenty years. There have been two relapses in 
the series, both of which have been subsequently cured by further' treat- 
ment. liis treatment embodies the effects of quinoxyl and E.B.L treat- 
ments given in combination. E.B.I. acts on the amoebic lesions in the 
upper portion of the large intestine, quinoxyl on ulcers and lesions situated 
in the lower portion. It is necessary that the patient should be al rest 
and in bed the whole of the ten days of this treatment. Due attention 
must be paid to the dietary. It is not necessary to give more than a 
total of ^ gr. of E.B.I. and the maximum individual dose should not 
exceed 2 gr. 

Scheme of Dibtaby aed Combimbb TRSATMXirr 
FOB Ihtxstikal Ajkebiasib 

7 a.m., pot of tea and 2 oz. milk. 

a.m«, one egg, buttered toast, cup of tea and 2 oz. milk. 

8 a.m., 8<^nm -bicarbonate enema, 2 per cent., 1 pint. 

8.30 a.m., quinoxyl 2^ per cent, by rectum (8 oz.). 

9 a.m., 8 oz. milk. 

10.30 ajn., juice of an orange, glucose | oz. 

12 noon, liver soup, chicken or fish, toast, butter, custard or milk jelly, baked 
apple. 

4 p.m., bdM egg, toast, butter, juice of one orange and ^ oz. glucose, grapes or 

ripe bamma, sponge fingers. 

5 p.m., quinoxyl enema voided. 

6 p*m., 8 oz. ; bath. 
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9.30 p.m., sedative (luminal gr. 1). 

10 p.m., E.B.I. (gr. 2). 

10.30 p.m., sleep. 

2 a.m.» vomit (pharmacological action of E.B.I.). 

During combined treatment the patient should be nursed in bed and should 
be allowed to get up for his bath. He may be allowed to use a night commode 
for stools and for voiding the residue of the quinoxyl enema. On the first night 
E.B.I., gr. 1, is given ; subsequently, gr. 2. 

After the completion of treatment, the patient must be permitted two 
days* rest to regain his strength, as a sense of weakness or stiffness is 
produced in the limbs ; but, if carefully carried out, this treatment is not 
specially exhausting. 

Medicinal treatment JoUomng the combined course . — An after-course of 
quinoxyl pills is prescribed, one or two at night for the next three weeks, 
according to the age and condition of the patient. These are good aperients 
and probably act by keeping the bowels relaxed. If the patient is much 
debilitated, one tablet of stovarsol is indicated daily, for 14 days. 

Other methods of treatment. — Stovarsol {Aceiarsol), an arsenical prepara- 
tion (3-acetylamino-4-hydroxyphenyl-ar8onic acid), containing 27*2 per cent, of 
arsenic, has been advocated, mainly in France, as an amoebicide, and has been 
widely used in the treatment of amoebic dysentery in combination with other 
drugs. It has a feeble amoebicidal action, but stimulating properties. Its 
special use is in the after-cure of amoebiasis. It is dispensed in 4-gr. tablets, but 
the maximum dose is two dally for one week to ten days, but not longer ; in 
sensitive persons not more than one tablet daily is advisable. This drug has to 
be carefully watched, as it may give rise to a toxic erythema with pyrexia 
resembling German measles, and even to exfoliative dermatitis. None of these 
arsenical drugs should be administered to patients in whotn liver damage is 
8U8|x»eted. A delayed papular toxic rash has been seen three weeks or so after 
the administration of the drug. Other varieties are known as Spirocid, 
Orarrnn (Boots) and HaJarsol (May k Baker). 

Carbarsone (Eli Lilly & Co.), 4-carbamino-phenyl arsonic acid, (H20jA8GeH4 
NHCONH,), was originally prepared by Ehrlich and contains 28*8 per cent, of 
arsenic. It has been much used in America and is given in the same manner as 
stovarsol, and has apparently the same therapeutic properties and the same 
indications. Most American authorities advise a dose of 0*26 grm. twice daily 
in capsules (pulvules) for ten days. Both stovarsol and carbarsone may be 
administered per rectum in the form of retention enemata of 2 grm. in 200 c.c. of 
warm 2 per cent, sodium bicarbonate solution. Amibarson is a similar compound. 
All these are useful in cyst-passer cases. Sodium amytal, 3 gr., is used as a sedative. 

Kurchi and derivatives, — (a) Kurchi bark (containing an alkaloid, conessine) 
was formerly recommended, in 10 gr. tablets three times daily for a lengthy period, 
as after-treatment in intractable cases. It apparently has no specific action. 
{b) Kurchinine hydrochloride (Whiffen k Sons, Ltd.), a crystalline alkaloid fix>m 
kurchi bark, has been used both for oral administration and hypodermic injections 
in doses of jp-l gr. on three successive days. This has been supplanted by Kurchi 
bismuihous iodide (Anohin) which contains the total alkaJoids of the bcurk. 
According to Acton and Chopra it was given by the mouth in 10 gr. doses, twice 
daily for ten days without producing deleterious effects. Although the first 
reports were encouraging, it is not much used at present. 

Ao-sam, dispensed in tabloid form by Burroughs Wellcome, is prepared from 
the seeds of Bruoea sumatrana and has a reputation in the Far East. 

For resistant oases passing E, histolytica cysts, which are nqw occurring. 
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Rhoads has saooessfhlly used phenothiazine — 12 grm. suspended in 1} pints of 
warm water, as a retention enema. Three treatments are given on alternate 
days and produce little or no discomfort. 

Bivanol, a derivative of acridine, is injected per rectum, after a cleansing, non- 
irritating enema. It is diluted in distiUed water 1 in 500 to 1 in 2000 ; of this 500- 
800 c.c. at body-temperature is administered per rectum with the patient lying on 
his side* or in the knee-elbow position. A course of ten or more treatments is 
necessary. Rivanol is antispasmodio and antiseptic and is useful for the rebef 
of pain and tenesmus, especially in ulcerative colitis. 

Vioform, or enterovioform (iodochlorhydroxyquinoline), is somewhat similar 
to iodoform and contains 37*5 per cent, of io^e. It is administered by the 
mouth in gelatin capsules each containing 0*25 grm. (4 gr.) of the powder, three 
times daily, for ten days. In chronic cases it may be injected for ten days as 
retention enemata, each consisting of 150-200 c.c. of warm water in which 2 
tablets have been dissolved. 

Diodoguin (5 : T-diodo-^hydroxy-quinoline) contains 63*9 per cent, iodine, 
and has acquired a great reputation in America. Its action is similar to that of 
, vioform, but its absorption is more irregular and it is therefore more toxic. 
Tablets of 3*2 gr. are given by mouth, 10-12 a day for 20 daya. 

Of these preparations, carbasone and vioform have the best reputation in 
U.SA. but are contra-indicated if there is any liver involvement. 

Penicillin, in large doses, has a favourable effect on distressing, resistant and 
toxic cases, but none on the amoebse. 

Treatment of hepatitis, — During the course of amoebic dysentery, and 
for months afterwards, the liver must receive careful attention. It may 
not be possible to prevent abscess formation ; but if pain suggests it, an 
attempt to avert this grave complication may be made by giving repeated 
doses of emetine subcutaneously, saline aperients, rest, low diet, fomenta- 
tions, dry-cupping, and similar measures. Emetine *acts much more 
rapidly and specifically in hepatitis than in amoebic infection of the bowel, 
and in some cases aspiration of the liver (hepatic phlebotomy) has a 
wonderful effect. Usually a total of 6 gr. of emetine suffices to overcome 
the ‘more active symptoms. 

Perforation of amoebic ulcer, — To avoid fatal peritonitis, diagnosis of 
perforation of the large bowel should be made as soon as possible. This 
is usually very difficult. Two successful instances during the 1914-1 B 
war were recorded where timely operation saved the patient's life. 

Other coneideraiions, — Symptoms must be treated as they arise. 
Abdominal pain should be counteracted by hot applications, colic by a 
belladonna and bromide mixture {see p. 484), and tenesmus by morphia 
suppositories or starch-and-opium enemata. 

Diet, — ^A suitable diet in the convalescent treatment of amoebic dysentery 
is important after the combined quinoxyl and E.B.L treatment. Alcohol, 
unless taken in small quantities, cert^y predisposes to relapse. The 
foUowing diet is advocated for four weeks after active treatment : 

Porridge ; eggs; filleted or fried fish— haddock, plaice, cod, 
■ole or whiting ; toast or rusks ; milk puddings-^oe, sago, semolina, ground 
rice; spinach or young peas, vegetable marrow, cauliflower; plain cakes; 
j&uit jellies ; stewed pears or peaches ; baked apples ; bananas, grapes ; tripe, 
brains, sweetbreads ; chicken ; rabbit ; game. 

Nat permitted.---€hideee ; new bread ; potatoes ; fats ; suet puddings ; rich 
oskes with raisins or Bjpiwe ; pastry ; pickles. 
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Beverages . — Light wine only ? no spirits, beer, or stout. 

Meat . — Red meat, i.e., mutton or beef, can be permitted once daily. 

Surgical measures must be reserved for complications of amoebiasis, 
e.g. pericolic abscess. Heroic procedures such as cascostomy usually 
find no place in the treatment of intestinal amoebiasis. 

Prophylaxis of amoebiasis is practically the same as for bacillary 
dysentery, and depends upon efficient sanitation, measures directed 
against the housefly, and avoidance of imboiled water, raw vegetables, or 
other foods which may have been contaminated by human faeces. As 
cysts of E. histolytica can only survive in a moist medium, there is a con- 
siderable amount of evidence, experimental and epidemiological, that 
amcBbic infection is usually waterborne. The problem of dealing with 
human carriers of E. histolytica cysts is a constant difficulty. It is not 
likeljr to arise in countries equipped with a proper system of sanitation, 
but m no case ought a cyst-carrier to be employed as cook or mess orderly, 
or handle water supplies. Wherever possible, cyst-carriers should be 
treated by the combined method, though a prolonged course of carbarsone 
is sometimes effective. 

Quinoxyl, in pill or tablet form (4 gr.) at night, in tropical countries 
where amoebiasis is rife appears to act as a prophylactic measure as well 
as a satisfactory aperient. Diodoquin is also recommended. 

Efforts have been directed to exterminating amoebic cysts from con- 
taminated water supplies. This cannot be done by medicating the water 
with chlorine or chloramine, Spector, Baylis and GuUans proved that 
the best method of removing the cysts is by filtration through sand- 
filters, combined with coagulation. 

Complications of Aakebiasib 

1. HBPATIC ABSCESS (lIVBB ABSCESS; HEPATIC AMCKBIASIS) 

Geographical distribution. — Liver abscess of the type known as 
tropical abscess, for the most part a disease of warm climates, corresponds 
in its distribution with amoebiasis. "ftliile the entamceba is the principal 
(element in its production, its incidence depends probably on special 
susceptibility of the European to this complication. 

^Etiology. Belation to amcebic dysentery . — There can be no question 
of the existence of an intimate relationship between amoebic dysentery 
and liver absc^s. Many well-authenticated statistics, as well as everyday 
experience, attest this. In 8,680 dysentery autopsies made in various 
tropical countries, and collated by Woodward, 779 (21 per cent.) revealed 
abscesses of the liver. Extensive amoebic ulceration may exist without 
exciting any subjective symptoms whatever {see p. 490). Moreover, many 
patients suffering from liver abscess forget, or fail to mention, a previous 
dysenteric attack, or may mislead the physician by describing such an 
attack as ** diarrhoea,*' so that the relationship is much more intimate 
than even statistics indicate. In the great majority of cases dysentery 
antedates the abscess, it may be by as long as twenty years. 

Boce, sesc, and climate.— Though common in Europeans in the tropics, 
liver abscess is proportionately rare among natives. .Thus, ip the native 
army of India the proportion of deaths from liver abscess to the total 
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mortality in 1894 was only 0*6 per cent., whereas in the British army it was 
7*4 per cent. Man for man, the relative liability of the European and the 
native soldier is as 96*2 to 4*8. This disproportion holds in spite of the fact 
that a larger proportion of the natives are infected with £. histolytica. 

It is well known that European women in the tropics, though nearly 
As subject to dysentery as European men, rarely suffer from liver abscess, 
and children hardly ever. It is most common between the ages of 20 and 
40, though there are records of amcebic abscesses of the liver in Egyptian 
children of three months of age and of others in India of ten. The youngest 
in the Editor’s experience was an English girl of sixteen. 

Pathology. — It may be inferred from the symptoms that in the early stages 
of suppurative hepatitis there is general congestion and enlargement of the liver ; 
in some instances this condition may be more or less confined to one lobe or even 
part of a lobe. Later, as shown especially by observations on cases that have 
died from the attendant d 3 ?wntery, one or more greyish, iU -defined, circular 
patches, in. or thereabouts in diameter, are formed. These grey spots are 
very evident on section. A drop or two of a reddish, gummy pus may be ex- 
pr^sed from these necrotic patches. Still later, the centres liquefy, and distinct 
but ragged abscess cavities are formed. An abscess thus commenced extends 
partly by breaking down of liver parenchyma ; partly by more massive necrosis of 
portions of its wall ; partly by the formation of additional foci of softening in the 



Pig. 72.— Multiple liver*absce«ses from a case of acute amoebic dyMUtery, thowlng 
characteristic structure and zone of acute byperarmla. Quarter nat. size. 

neighbourhood and subsequent breaking down of the intervening septa. The 
walls have a ragged and tessellated appearance. As the abscess e^arges, so the 
zone of necrotic tissue becomes narrower. The character of the contained pus 
also changes during the evolution of the abscess, and it frequently becomes 
seocxidarily infected with streptococci and other cnganisms, when it assumes a 
brownish or greenish colour. 

Number, sise, and sUtuUion of abscesses , — Liver abscess may be single or 
multiple. If multiple, there may be two, three, or many. Wl^ siz^gle, the 
abscess sometimes attains a great size. J^quently it is as large as a oooo*nut, 
or even larger ; the entire liver even, with the exception of a narrow zone of 
hepatic tissue, has l>eon converted into a huge abscess sac. When multiple, the 
Individual abscesses are generally smaller, ranging from the size of a filbeii to 
that of an orange (Fig. 72). 

« As might be expected from considerations of the relative size of the parts* 
ringle abscess.is much more common in the right than in the left smidler lobe. 
The upper part of the right lobe might be termed the seat of election* 


Radiograph of dome of diaphragm in liver abscess. 

(Dr. Carmichael Low) 

IJVER ABSCESS. 


PlATK XIV 




Radio^aph of cretiAed abscess in right lobe of liver. 

(Radiograph by Dr. Af . Cordiner ) 

LIVER ABSCESS. 

PLATfc XV 
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Compeufiatory hypertrophy of the left lobe is commonly produced if there is 
gn^at destruction of the right. 

Adhesiofis to surrounding organs are frequently, though not invariably, 
formed as the al)8(x?88 approaches the surface of the liver. In this way the 
danger of intraperitoneal extravasation is usilally averted. 

Intestinal uU^Taiion usually oo-exists ; it may be very extensive, or confined 
to a few small punched -out ulcers, genera.lly in the neighbourhood of the csecum. 
Or, again, there may be no visible lesions of the mucous surface. 

Pulmonary inflammation and abscess from escape of liver pus into the lungs 
are sometimes discovered post mortem. Generally the pulmonary abscess com- 
municates with the mother abscess in the liver by a small opening in the dia- 
phragm, the pleural sac being shut oif by adhesions. (Plate XVI.) 



Fix. 71.— MicrotcepictI tectloii of liver abscess, showing Entamoeba 
at margm of abscess cavity surrounded by necrotic liver cells. 


Liver pus , — ^Tho naked-eye appearance of liver pus is peculiar, almost 
cliaraoteristic. When newly evacuated, it is usually chocolate-coloured, streaked, 
or mixed, with larger or smaller clots or streaks of blood, and here and there 
with streaks of clear mucoid yellowish material. It is so viscid that it will 
hardly soak into the dressings ; it lies on the surface of the gauze like treacle on 
bread, spreading out between the skin and the dressing, and finding its way past 
the e^ of the latter rather than penetrating it. When quite fi^h, here and 
there UtUe islands of what may be described as laudable pus may be made out in 
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the brown mass. Sometimes it contcdns considerable pieces of necrotic tissue. 
Occasionally, also, from admixture of bile, the abscess contents are green-tinged ; 
they are rarely offensive unless the abscess lies near the colon. Under the 
microscope many blood-corpuscles are seen, besides much broken-down liver 
tissue, large granular pigmented spherical cells, lecithin plaques, leucocytes, 
debris, oil globules, hsematoidin, occasionally oholesterin, Charcot-Leyden crystals 
and sometimes a few entamoebas. Cysts of E. histclyiica are never found. 

EntamcBbcB and other organiems . — ^In Egypt, India, and elsewhere entamoebao 
may be detected in half the cases. Usually they cannot be found in fresh liver 
pus, either aspirated or escaping during operation, but they appear, often in great 
profusion, four or five days later m discharges from the drainage-tube. Tliey 
may occur in strings of eight to ten. Unless the patient is treated with emetine, 
the amoebie may persist in the discharge until the abscess has healed. The 
Editor has succeeded in growing them on Drbohlav’s selective medium when they 
were not apparent in the pus. The longer the abscess has persisted the larger 
its size, and the more difficult it is to find amosbie (Fig. 73). The pus is bacterio- 
logically sterile, but occasionally may become secondarily infected by Bact. colt, 
hferaolytic streptococci and Bad. enteritidis. 

Encystmeni . — ^In rare instances liver abscess pus, instead of being chocolate - 
colour^ and viscid, is yellow and creamy, particularly when the abscess becomes 
encysted. The walls are thick, smooth and fibrous. In the course of time the 
contents become cheesy, and ultimately cretified until the cyst shrivels up and 
contracts (eee Plate XV). Calcified abscesses are occasionally found by radio- 
graphy, and do not give rise to symptoms. 

Bilaterality of the liver. — Until recently it was considered that no differ- 
ences existed between the right and left branches of the portal v€in, the hepatic 
artery and the hepatic ducts, although the right lobe of the liver is treble the size 
of the left. Cantlie in 1884 first noted hypertrophy of the left lobe of the liver 
consequent upon total destruction of the right. On this account, and also on 
account of the embryological development, it was suggested that the generally 
accepted anatomical division of the liver is incorrect and that it should be divided, 
not by the antero- posterior fissure, but by a line drawn from before backwards 
through the fundus of the gall-bladder to the spot where the anterior vena cava 
grooves the back of the liver ; this is the mid-line of the liver. This view is 
borne out by pathologioal studies and the results of injection of the portal and 
hepatic veins and hepatic artery (Mclndoe and Counseller). Gopher and Dick 
(1928) demonstrated that the (fistribution of the portal streams in the liver of 
the dog can be determined by injections of trypan blue, and that there are at 
least three distinct and separate curfents (streamline phenomena) in the portal 
vein. Hypertrophy of the left hepatic lobe ensubs upon partial or complete 
destruction of the right, a feature of considerable importance in diagnosis. 

The genesis of liver abscess. — Amoebic abscess of the liver appears 
to be the result of portal embolism from amoebic ulcers in the bowel. 
According to Bogers, the focus is usually in the right sector of the 
abdomen, either in the csBCum or ascending colon ; tb^ fact, therefore, 
aecomits for the common situation of such an abscess in the right hepatic 
lobe. Direct infection of the anterior surface of the liver may possibly 
take place froin an amosbie ulcer in the hepatic flexure, via the peritoneum, 
but &ere is no evidence to show that tlm constitutes the usual method. 
In omabic hepatUii, which is probably the precursor of amoebic abscess, 
there appei^ to be a massive amoebic portal infection. Probably the 
great majority of the organisms are destroyed by resulting tissue-reaction ; 
survivcmi multiply and cause necrosis of the surroundi^ liver ceDs and 



SYMPTOMS OF LIVER ABSCESS 


509 


thus constitute the starting point of a liver abscess. Cytolysis is brought 
about by the rapidly multiplying amoebae ; but ultimately the amoebae 
themselves are destroyed by the products of their own activity. Sterile 
amoebic abscesses at this stage are particularly liable to secondary infection 
with pyogenic organisms. As originally pointed out by Councilman and 
Lafleur, the primary lesion is central necrosis of the liver lobule, a prelude 
to subsequent abscess formation. 



Chart 23.~Ain<sbic abscess of liver. 



Chart abscess of liver. 

H«otic with tendencj to toitlan p^odidty. Dottod line = 


Symptoms* — There is great variety in the symptoms of liver abscess. 
As a general rule, the patient is one who has long resided in the tropics 
and who may at some time or other have suffered from subacute attacks 
dysentory. At first he becomes conscious of a sense of weight and 
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fullness in the right hypochondrium, and later suffers from sharp stabbing 
pains over the hepatic area, accentuated by coughing. 

Shoulder pain . — In a considerable proportion of cases a sensation of 
uneasiness or rheumatic pain around the right shoulder-joint is com- 
plained of, especially at night. Usually this is referred to the acromial 
region (appropriately termed, “ the liver wing ”). It is due to reflex 
irritation of the phrenic nerve, transmitted through the fourth cervical 
root firom which the supra-acromial and supra-clavicular cutaneous nerves 
originate in the cervical plexus, and it is comparable to that of diaphrag- 
matic pleurisy or gall-bladder disease. In left-lobe abscess pain is referred 

to the left shoulder-joint. 

General features . — Soon the patient 
becomes feverish, particularly to- 
f wards evening, and may experience 
a few short rigors. He begins to lo8(‘ 
flesh, and his complexion assumes a 
yellow, muddy tinge. A quotidian 
fever now becomes a regular feature, 
every evening reaching 102° F., and 
sinking to below normal in the 
morning (Charts 28, 24). The 
pvrexial bouts are accompanied by 
profuse sweats, necessitating fre- 
quent changing of clothing during 
the night. The patient is emaciated , 
his tongue furned, the extremith^s 
cold and clammy ; breathing is 
shallow and mainly thoracic. Some- 
times an actual swelling in the 
^Tigiwttrium may l)e observed over 
abscess. Discomfort 

_ ... , or deep-seated pain may be produced 

by deep I»tcu8^n 

of diest wait over the right hypochondnum. The 

lower border of the liver is usually 
enlarged below^ the costal margin ; 8ometimi*s, but less frequently, it extends 
upwards an inch above the normal, while posteriorly the dullnm can be 
detected from the angle of the scapula to the costal margin. It may be 
further observed that the upper line of dullness is arched, and is altered by 
changes in position, when the patient lies on bis left side or when he stands 
up. Deep inspiration may ^ve rise to acute pain, and sometimes one or 
two tender points may be discovered in the lower intercostal spaces. The 
spleen is not enlarged. On auscultation, pleuritic rubs may be detected 
at the base of the right lung, or signs of compression, such as inspiratory 
crepitations, decreai^ breath-sounds, or diminution of vocal fremitus 
may he noted at the base of the right lung (Fig. 74). Pain is usoally 
relieved by lying on the affected side (Fig. 75). 

In abseil of the left lobe a tumour of variable outline, sometime 
resembling in shape and position an enlarged spleen, may be felt in the 
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opi- or hypogastrium. Usually thore is some compression involvement 
of the base of the loft lung, but it must he remembered that such a tumour 
may, arise from compi^nsatory hypertrophy of the left lobe. 
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Fi%, 75.— Physical signs of liver abscess. 

Abope — Of right lobe of liver» cured by aspiration with Potain*s 
aspirator (0.7.25). 

r,iouooc>rti«, 9,000 ; IS. hiitoiptim cywin In hncoiu I H, baaiU iijr»fcolic 
murmur; l\N.— , pemiMlon note ; T.V.F. — tnetile vocal 

tmtuitoediminiitlitHi ; B.S. — , breeUMKiuiidii abeent ; creplUtiona. 

iiefoto— With hypertrophy of the left lobe, cured by aspiration 
of 55 ounces of sterile pus (21.12.21). 

rjcnacocytMi, 19,00<» ; IS. ki$tofytim cyet# In iiececu A.B. a|)ex*beat ; P.N. — , 
poroueekiti note itlminlibed ; T.V.r.— , uu^tilo v(ym) fmmitus (dUiuiniBbed ; 

B4. — , bmeth-sounde abeent ; CEBITS., carepitailoiui. 

As the case progresses, so the patient becomes more emaciated ; hectic 
vith drenching nocturnal sweats continue ; liver dullnesa and 
increase ; or general enlargement may subside, and percussion 
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reveal a local bxilging in an upward or downward direction. If the abscess 
which has now formed is not relieved, the patient may die worn out after 
months of illness ; or the abscess, having attained great dimensions, may 
burst into the right lung or pleura, or even elsewhere, and be discharged, 
with either recovery, or death from continued hectic fever and exhaustion 
or from some intercurrent complication. (Plate XVI.) 

The blood shows a well-marked leucocytosis of 15,000-36,000, though 
in some rare cases there may be no appreciable rise. The mean average 
of the differential count in the Editor’s series of cases is 70*8 per cent, 
polymorphonuclears ; 22*2 per cent. Ijrmphocytes ; 6 per cent, large 
mononuclears ; and 1 per cent, eosinophils. With liver abscess of long 
standing there is usually severe secondary ansBinia, and occasionally the 
blood changes may assume features of the pernicious type. 

In two exceptional oases of hepatic abscess recorded by the Editor the serum 
agglutinated etUeritidis in high titre, with co-agglutination of B. typhoBum^ 
and the former organism was isolated from the abscm pus as well as ^m the 
frsoes. 

Great variety in the urgency of sytnptoms . — Although the foregoing 
is a fairly common history in liver abscess, there are many instances 
in which the initial symptoms are much more urgent and the disease 
progresses much more rapidly. In other instances subjective symptoms 
are almost entirely absent, or so subdued that the true nature of the 
case may be entirely misapprehended until the abscess bursts through 
the lung or bowel, or a fluctuating tumour appears in the neighbourhood 
of the liver ; or, perhaps, until the unsuspected abscess is discovered on 
the post-mortem table. * 

Sometiines the initial fever is high, and persists for a considerable time, 
but later it usually becomes distinctly quotidian and intermittent ; some- 
times temperatures of 108® and 104® F. may be recorded. There is not one 
single cardinal sign which may not be absent in hepatic abscess ; thus, large 
collations of pus have been noted imaccompanied by fever. Marked 
rigors are rare but, when prt3sent, indicate threatened rupture through 
the diaphragm cr into some viscus. Sweating accompanying the pyrexia 
usually takM place about the head and neck. Enlarged cervical and 
axillary glands on the affected side may sometimes be noted, while 
rheumatic-like pains in, or swellings around joints, and clubbing of fingers 
have been described. Pain of some description is rarely absent. Usually, 
a sense of fullness and weight in the repon of the liver, or maybe referr^ 
to the infrascapnlar region, is complained of ; stabbing and stitch-like 
pains may be inoreased by pressure, and especially by deep inspiration 
or (xmg^bing. Localised pa^ul areas usually occur below the costal 
margin, and indicate that the abscess is pointing in that direction. Pain 
on swallowing, when the bolus traverses the lower end of the oesophagus, 
has been recorded. Pain on firm pr^ure with the finger-tips in an 
interc<Mtal space, and over a limited area, is a common and valuable 
localizing sign. Shoulder pain, in about one-sixth of the cases, may be 
the only f^ymptom and may be noted before the advent of fever. 

Attention m&r also be mwn to the respiratory symptoms ; a painful 
possibly doe to reflmr imtaticm of the diaphragm, may be prominent, 




Radiograph of liver abacess boratlng through the diaphragm Into 
baae of right lung, whence the pua la being evacuated through a branch 
of the light bronchua. A — collection of pua In pleural cavity; 
B— valve-abaped opening through diaphragm at alte of abaceaa In 
liver, {Radiograph by Dr. M. Berry.) 

LIVER ABSCESS. 


Rate XVI 
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SYMPTOMS OF LIVER ABSCESS 

while the respiration may be rapid and shallow. The patient usually 
lies on his back, inclining slightly to the affected side ; if the abscess is 
on the right, lying on the lejt side becomes distressing owing to adhesions, 
or possibly to pressure on the heart. 

The tongue is generally furred, the digestion disturbed ; flatulence 
and diarrhcBa are frequent. There may, but infrequently, be concurrent 
amoebic dysentery with blood and mucus in the stools. 

The heart may be displaced laterally or upwards by pressure of a large 
abscess. Tachycardia and cardiac irregularities may result from toxic 
absorption or from pressure. 

Rigidity of the upper part of the right rectus muscle may be noted 
if the abbess is situated in the vicinity of the gall>bladder. Percussion, 
besides eliciting tenderness and causing pain, may convey to the examiner 
a sensation of baUoUement as of percussing a thick-walled el^tic bag 
filled with air. The right upper superficial reflex may be diminished or 
absent. 

Swellings in the epi- or hypogastrium closely simulate intra-abdominal 
tumours, and in apyrexial cases of hepatic abscess their nature may not 
be suspected until they have been aspirated. There may be varicosity 
of the epigastric veins. Local opdenia over one or more intercostal spaces 
is sometimes apparent ; local bulging usually indicates the site at which 
the abscess is pointing (Pig. 74). 

Friction rubs, pleuritic or peritoneal, may sometimes be found ; while 
pneumonic signs at the base of the right lung indicate contiguity of the 
abscess to the diaphragm, (Edema of the feet occurs in advanced cases. 

The urine may contain albumin as the result of chronic pus-absorption. 
When considerable destruction of hepatic substance has taken place, the 
amount of urea is diminished and that of ammonia increased. 

Jaundice is not by any means common ; when intense it may be caused 
by pressure of the abs^ss on the bile canaliculi, or even the common 
bile duct. Quite commonly, however, there is latent icterus with slight 
yellow tingeing of the conjunctivas. 

The abscess may rupture into any contiguous organ, thereby producing 
spontaneous cure ; generally it ruptures into the lung or pleura. WTien 
into the lung, the abscess contents may be suddenly coughed up in mouth- 
fuls of frothy pus and blood : but usually this process is much more 
gradual and a few drachms are coughed up at a time, but in favourable 
cases tlie amount of expectoration gradually diminishes, .^moebic abscess 
of the lung — ^resulting from trans-diaphragmatic rupture^is apt to be 
mistaken for pulmonary tuberculosis. Amoebee are only exceptionally 
found in the expectorati^ pus, but usually striated muscular fibres from 
the diaphragm may be recognized. 

Expectorated Uver-pus is usually characteristic, being chocolate-brown 
and particularly viscid. 

Arrest of the discharge may not necessarily indicate recovery though 
cessation of the cough may be foUowed by rise of temperature and re- 
appearance of ni^t-sweats. Alternate emptying and refilling of the 
abscess cavity may recur many times befewre final recovery. In some 
cases expectoration never ceases, and is accompanied by other signs of 
34 
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pulmonary abBorption, such as respiratory distress and clubbed fingers. 
Sudden rupture is often accompanied by the passage of melasnic stills. 

Bupture into the pleurcr may lead to pleural effusions, wliich may 
simulate empyema. Aspiration of these cases may yield clear yellow 
and highly dbuminous pleuritic fluid. Pneumothorax may sometimes 
ensue. 

Hepatic abscess may rupture into the stomach, causing vomiting of 
pus ; into the boioel, causing diarrhoea and discharge of pus in the faeces ; 
or, with fatal results, into the pcf^ardium or peritoneum. Pericarditis, 
from close contact with intrahepatic suppuration, has also been recorded. 

Bupture into the gall-bladder, bile-ducts, hepatic veins, portal veins, 
inferior vena cava and pelvis of the right kidney have also been reported. 

Finally, spontaneous rupture may take place through the abdominal 
wall, and the abscess, by tracking along the round ligament, may empty 
itself. Ihe surrounding skin may thus become infected with amoebas. 

From a study of 50 cases of amoebic abscess under the Editor’s care 
it has been possible to set out the following table : — 


No, of paUenU. 

HifitiMy of previous dysentery . 30 

EntanuelHi histolptioa or cysts in fseoes 23 

Shoulder pain, right ... 22 

„ „ left ... 3 

Pyrexia, intermittent . 30 

„ remittent typhoid -like . 4 

„ sudden onset, with rigors 2 

Pyrexia absent 7 

Night-sweats . 40 

DyaerUerie infiltration of bowd — 

Bigmoid flexure 12 

C^um and sigmoid 4 

Enlargemeni of liver, upwards 12 

„ „ downwards 38 

Pain and tendemm in liver . 24 

Displacement of heart . 4 

Associated signs at base of right lung 38 

Pleuritic mb 0 

Rupture of abscess into lung 6 


Mortality.— Formerly the case-mortality was high, 50-80 per cent., 
but at the prei^t day, ipecacuanha and onetioe, recognition of the in- 
timate connecticm of liver abscess with amosbic dysentery, and improved 
methods for the evacuation of pus, have toought the mortality-rate to 
practical^ nothing. Death may be due to pressure on the abs<^, to 
rupture and gangrene of the abscess- wall, to pneumothorax, to pneumo u Pr, 
to associated dysentery, or to other interourrent disease. Eeoovery may 
fdlow enqrBtment or, possibly, abscuptjcn of the abscess. 

Diagnotto. — Of all the grave tropical diseases, none is so hi^uentiv 
overiooked as abscess of the liver. Acute sthenic cases are readily eoougn 
recognised ; not so insidious astiienio cases. 

Hie most common mistakes in diagnosis are : (1) Failure to leoognsae 
the presei^ of disease of any deecrlpti<m, even wlm an enormous absoeas 
oeeupiea tiie liver. (2) Ifismteipr^alion of the rignifleanoe and natme 
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of a basal pneumonia — a condition often accompanying suppurative 
hepatitis. (8) Attributing the fever symptomatic of liver abscess to 
ra^aria. (4) Mistaking other diseases for abscess of the liver, and vice 
7?ers(i-~for example, non-suppurative hepatitis, such as that attending 
malaria subtertian ; suppurative hepatitis before the formation of abscess ; 
syphilitic disease of the liver — softening gummata which are often attended 
with hectic fever ; pylephlebitis : suppurating hydatid ; suppurating 
actinomycosis ; gall-stone and inflammation of the gall-bladder ; sub- 
phrenic abscess due to ruptured gastric or duodenal ulcer, or appendix 
abscess ; abscess of the abdominal or thoracic wall ; pleurisy ; encysted 
empyema ; pyelitis of the right kidney ; bilharziasis ; scurvy and similar 
blood-diseases associated with hepatic enlargement ; ulcerative endo- 
carditis ; kala-azar ; undulant fever ; trypanosomiasis, tuberculosis, 
and maUgnant disease. Any of these may be attended with fever of a hectic 
type, increased area of hepatic percussion dullness, and pain in or about 
the liver. 

Differential diagnosis from suppurative cholecystitis without the aid 
of a “ shadowcol ” examination may be particularly difficult. 

Cantlie originally classified pus in the neighbourhood of the liver into : — 

(1) Suprahepatic abscess ; 

(2) Intrahepatic abscess ; 

(8) Infrahepatic or subhepatic abscess. 

Suprahepatic abscess is not synonymous with “ subdiaphragmatic 
absc(‘ss ; ** it means the formation of pus between the layers of the broad 
ligament of the liver. 

Frequently, a correct diagnosis can be reached only by repeated and 
careful study of the case in aU its aspects. Golden rules in tropical practice 
are to think of hepatic abscess in all cases of progressive deterioration of 
health ; and to suspect it in all obscure abdominal cases associated with 
evening rise of temperature, particularly if there be an upward enlarge- 
ment of or pain in the liver, leucocytosis, and a history of dysentery — 
not necessarily recent. 

Low pneumonia of the right base in a tropical patient should always 
1)6 regarded with suspicion, for it may mean abscess of the subjacent 
liver. 

Perhaps the most common error is to regard the hectic fever of liver 
abscess as attributable to malaria. The re^arity with which the daily 
fevers recur, the daily chilliness, or even rigor, poming on about the same 
hour, the profuse sweating, and other circumstances so compatible with 
a diagnosis of malaria, all contribute to this mistake. So common is the 
error that Osier declared he hardly ever met a case of liver abscess which 
had not been drenched with quinine. The pericyiicity of fever, and a 
polymorphonuclear leucocytosis should obviate so serious an error. 

To mistake other forms of suppuration for liver abscess is not so serious, 
because in many suppurative diseases the treatment is the same as for 
liver abscess, and no bad result need follow if diagnosis is not quite accurate. 

Iiitrahepatio suppuration may supervene in ascaris infection, in melioi- 
dosis (p. 282), in ascending pylepUebitis secondary to appendix abscess, 
in divertioulitis and, rarely, in i^ections with hsemolytic Staphylococcus 
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5, or very exceptionally bacillary dysentery. Suppurating 

abscesses have been reported secondary to duodenal ulceration and enteric 
infections. Carcinomatosis of the liver, unaccompanied by jaundice, 
may simulate amoebic abscess. A right perinephritio abscess may have 
to be considered. In subdiaphragmatic abscess caused by perforation 
of a- gastric or duodenal ulcer, m abdominal swelling can usually be 
recognized occupying a triangular area on the affected side. Gas is 
usually present and can be recognized by a resonance in the upper part 
which serves to distinguish it from liver abscess. 

Pancreatic cyst elevating the left (less often the right) lobe of the liver 
may imitate an abscess, but it is not necessarily accompanied by fever. 



Fig. ’Visiiallzation of aniceMc Hver ai»fC€fi by pimcttire and Injectloa 
of ttpiodol in erect posifloB. [Afttr Snapper, Chineoe LoMono to 
Western Medicine.’* 

As a rule, it forms a definite tumour of considerable size in the left hypo* 
chondriura. Solitary non-para»itic cysts of the liver or polycystic disease 
nmy also have to be considered. Phantom tumour may give rise to 
difficulty, but this gr^ually disappears under a general anssstbetio. 

A smous error is to overlook the presence of leucocythiemia, kala-asar 
pemidous anscmia or scurvy, and to proceed to aspirate an enlarged 
fiver on the supposition that the sjpnptoms arise from abscess. 

Amcebic of the liver which has ruptured throuc^ tlie diaphragm 

may have to be diflerfntiated from many other pahnonary ooiiditions« 
as broneho>pneumonia, tnbercnlosis, actinomycosis, and malignant 
disease of the lung. 
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The presence of EntanwBha histolytica cysts in the faeces is suggestive 
but by no means conclusive, of amoebic abscess. They are usually found 
in about 45 per cent, of all cases. Occasionally they may be cultured 
from the faeces in cases in which they are not visible under the microscope. 

X-ray examination may confirm the upward enlargement in the liver, 
and bulging and “ tenting ’’ of the right dome of the diaphragm. Screening 
usually shows that it does not move on respiration (Plate XIV). Should, 
however, the abscess be situated in the centre of the liver, even if of 
considerable size, no definite information is usually obtainable by radio- 
graphy except when the abscess has become partially encysted or calcified 
(Plate XV), when the outlines become apparent by X-ray. Occasionally, 
however, the outline of the liver abscess may show up as a more opaque 
area in the liver substance affording exact location for the exploring syringe. 
Occasionally, too, especially after inspiration, air, or possibly oxygen, 
appears in the abscess cavity and shows up the fluid level. Injection 
of air through the aspirating syringe has been practised with success, 
while lipiodol injection facilitates visualization (Fig. 76). The outline 
of the diaphragm is blurred when the abscess is near the upper surface 
of the liver. Normally the upper margin of the hepatic shadow forms 
a right angle with that of the vertebral colunui, but when abscess is 
present this may become more acute. 

The bromsulphalein test, as an indication of hepatic disease and liver abscess 
has so far proved disappointing. The bevnlose tolerance test is more satisfactory, 
especially if taken in association with decrease of plasma proteins and response 
of hypothrombinsemia to injections of vitamin K. 

Diagnostic aspiration , — To make the diagnosis of liver abscess certain, 
aspiration must be performed. When the needle enters the liver, an 
up-and-down peqdulum-Iike movement will be communicated to its outer 
extremity, in harmony with the rising amd falling of the organ in respiration. 
If the needle does not exhibit this movement, its point may be in an 
abscess cavity, but such an abscess is not in the liver. 

Pro^osis. — The prognosis in early operations on single abscess of the 
liver, provided there is no dysentery or other complication, is good. In 
multiple abscess, or in single abscess, if there is active dysentery or other 
serious complication, the prognosis is bad ; if there are more than two or 
three abscesses, it is usually hopeless. 

The question of rehim to the tropics after recovery from liver abscess 
frequently crops up. If feasible, and if the patient hsis not to make too 
great a sacrifice, he ought to remain in a temperate and healthy climate. 
There are many instances, however, of individuals who have enjoyed 
permanent good health in the tropics after recovery from liver abscess. 
Before return the bowel should be thoroughly cleansed of amosbio infection. 
Neglect of this precaution may lead to remfection and recurrence seven 
years after the formation of the first abscess. 

Treatment. — Hepatitis which has not proceeded to abscess-formation 
should be treated, especially if dysentery be present or has been ante- 
cedent, with full doses of emetine, repeated once or twice a day for two 
three days or longer, by a cautious use of the purgative sulphates. 
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and with poultices, rest, and low diet {see p. 602). Emetine should be 
injected in 1 gr. doses lip to a total of 12 gr., and if cysts of E* histolytica 
are present in the stools, by a combined course of E.B.I. and qninoxyl. 
If there be much pain, relief may be afforded by either wet- or dry-oupping 
over the liver, or by leeches. Ammonium chloride, 20 gr. doses, three 
times daily, is commonly prescribed. 

When rigor, or hectic fever, or local bulging, or persistent fever and 
local symptoms give ground for suspecting that abscess has formed, 
active medication must bo suspended, and measures taken without un- 
necessary delay to locate the position of the pus by the aspirator. 

Preliminary aspiration , — When he uses the aspirator the surgeon must 
be prepared to continue until all the pus is evacuated, or under exceptional 
circumstances, to operate. 

Deep cocaine anaesthesia usually suffices, but nervous subjects should 
have gas and oxygen. A medium- or full-sized aspirator needle should be 
used, as the pus, owing to its viscidity, may not flow through a cannula of 
small bore. 

If there are localizing signs, such as a tender spot, a fixed pain, localized 
oedema, localized pneumonic crepitus, pleuritic or peritoneal friction, 
these should be taken as indicating, witli some probability, the seat of the 
abscess and the most promising spot for exploratory puncture. If none of 
these localizing signs is present, then, considering the fact that the 
majority of liver abscesses are situated in the upper and back part of the 
right lobe, the needle should, in the first instance, be inserted in the an- 
terior axillary line in the 8th or 9th interspace. The needle should not 
be inserted more than d| in. The distance of the inferior vena cava from 
any part of the chest wall is 4 in. The needle swings when the liver is 
engaged and, as it swings, it should be pushed gently forwards. The 
operator knows he is in the abscess cavity, because the needle is felt to 
pass into space. The syringe should then he affixed and aspiration com- 
menced. Effusion of serum into the pleural cavity immediately adjacent 
to the liver abscess sometimes occurs. 

In c486s with cardiac or pulmonary embarrassment, aspiration can 
be efficiently carried out under local infiltration of skin and muscles 
with 2 per cent, novocain, to which is added 1 in 1000 adrenalin in the pro- 
j^rtion of 10 drops to the ounce. The passage of the needle through the 
Uver substance is painless. Should, however, the abscess point into the 
abdominal cavity, a general anaBstbetic is advisable, for an open operation 
may become necessary. Occasionally the pus proves to be so thick that 
complete evacuation takes an hour or more ; in these ciroumstances eusol 
in saline (half-strength) should be injected into the abscess cavity to 
dilute the pus. 

An aftor course of combiued emetme-bismuth-iodide and quinoxyl 
should be given to eradicate the amoebic mfeetion from the t^weL 

Open operaHons . — The indications fmr opm operation are : — 

(1) When after repeated aspiration no pus is obtained^ but indioa* 
tions of its presence are too strong to be ignored. 

IVben an abscess points in the eingastrium, t.s., is situated 
in the left lobe of the &ver« 
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(8) When there is a large amount of pus which has been secondarily 
infected and has not yielded to treatment by aspiration. 

The route for opening the thoracic or abdominal wall varies according 
to circumstances as follows : — 

TranaperiUmedl route, — When pus is struck below the costal margin, the 
aspirator needle is left in situ and the abdomen is incised for a length of 8 in. 
(Kooher*s incision), the intestines being guarded with packing. K adhesions are 
present, a sinus forceps is directed along the needle and pushed through into the 
abscess, and the blades are opened after withdrawal of the needle. The finger 
should be inserted into the abscess cavity. When the first gush of pus ceases, 
the exit is lightly plugged with gauze, the margins of the liver wound are ccurefully 
sutured to those of the parietal peritoneum, and the remainder of the wound 
closed. The gauze plug is now removed, and a wide drainage-tube, provided with 
a flange and lateral openings, is introduced to the bottom of the abscess cavity. 
Some surgeons use a wide-bore drainage tube, such as Tudor-Edwards empyema 
tube drain, pushed right to the bottom of the cavity to prevent extravasation. 

Transpleural route, — Should the abscess be struck through an intercostal space, 
a couple of inches of (the 8th and 9th) ribs had better be resected. The dia- 
phragm should then be stitched to the thoracic wall, or, better, to the skin as 
well, when the abscess may be opened with a forceps. An attempt should be 
made to stitch the capsule of the Uver to the diaphragm. Should the pleura 
be opened, pneumothorax will result, but this is not necessarily serious. On no 
account should pus be permitted to enter the pleural cavity. 

Sometimes it is simpler to expose the ribs and denude them of tissues. An 
iodine gauze pack should be inserted underneath the ribs and left for 3 to 4 days. 
Artificial adhesions are formed in the costophrenic sinus by a process of aseptic 
inflammation. Shears are then used to resect the ribs. Post-operative drainage 
is ensured by sinus forceps and a wide-bore tube. Dakin’s solution may be us^ 
to irrigate as it exerts a solvent action on the liver abscess wall. 

Treatment after operation, — For the first two days after a liver abscess has been 
opened the dirohaige is considerable, and the dressing may have to be changed 
frequently. Very soon, however, should the case do well, the discharge n^pidly 
diminiahea, and the dressing requires renewal only every other day, or every 
three mr four days. During the first week the diainage-tube, provided it be 
acting efficiently, should not be disturbed, more particularly as it may be difficult 
to replace. Later, it may be removed and cleaned, and, when discharge has 
practically ceased, cautioi^y shortened. It is a great mistake to begin shwtening 
the tube before it is being pushed out, or so long as there is any appreciable discharge. 
If there is the slightest indication, such as rise of temperature, that pus is being 
retained, the drahiage must be rectified and the sinus, if necessary, dilated with 
forceps and finger, and a full-sized drain^-tube intr^uoed as far as it will go. 
If this does not suffice, a counter-opening may have to be made. Dday in 
remedying imperfect drainage is a serious-^ may be fakdrsrror. 

Should an abscess be fm^ septic, or should it become so, it must be flushed 
out didly, or twice a day, with a wc^ non-mercurial antiseptic, and a counter- 
opening made if necessary. Continuous drainage by the Carrel-Dakin tube 
method and daily ensol irrigation are often very sucoeesfiil. Where there is a 
thick necroric zone delimiting the abscess, this continuous irrigation is highly 
necessary, and in order to dimlve the thick pus the injeotimi of a ferment — 
enzymol (FairohUd) in the strength of I drachm to the ounce of water — is ue^ul. 

After a liver abscess has been op<med and is draining well, temperature ra]^dly 
fiUls, and in a few days, or almost at once, beoomes normal. Shopld fever 
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persist, it is to be inferred either that the drainage is inefficient, or that there are 
more abscesses in the liver, or that there is some complication. If another 
abscess is suspected, it should be sought with the aspirator and, if found, drained. 

It is advisable to give emetine in 1 gr. doses hy]^ermically, both before and 
after operation, and continue it for a fortnight, whichever operation is employed. 

Discussion of the recognized methods of treatment of liver abscess.-r-* 
The question is frequently and very reasonably asked why so many methods of 
treatment, medical as well as surgical, are employed in the treatment of liver 
abscess, and why some abscesses respond to injections of emetine while others are 
in no wise influenced by this drug. The answer appears to the Editor to be moder- 
ately simple. Aspiration of the abscess cavity by Potain's aspirator is the safest 
and most easily executed method. Sometimes more than one aspiration has to 
be carried out and an electric sucker may have to be employed. In the Editor’s 
experience 28 per cent, of cases diagnosed as hepatic abscess resolve with emetine- 
therapy (12 gr.) foUowed by the E.B.l. and quinoxyl combined treatment. In 
these, probably, the formation of pus has not been extensive and the amosbie are 
still active in the liver tissue. In 47 per cent., aspiration with Potain’s aspirator, 
combined with emetine treatment, is successful. There still remains a proportion 
of oases (25 per cent.) in which open operation has to be resorted to, and emetine 
therapy has no appreciable effect whatever. These are the oases where either a 
large amount of pus is present or it is secondarily infected with streptococci or 
other organisms. It is disappointing to have to record that previous treatment of 
intestinal amosbiasis with E.B.l. and quinoxyl does not always prevent subsequent 
development of hepatic abscess. 

Treatvient of abscess discharging through the lung . — If an al^scess is dis- 
charging through the lung and, although emetine has been freely adminis- 
tered, is not progressing favourably, the questibn of more efficient drainage 
by surgical means must be considered. There are two possibilities which 
rmider interference desirable : (a) Continued discharge of pus and blood, 
with or without attendant hectic fever — a condition which, if it persist, 
will, in all probability, in the end, kill the patient, [b) Not infrequently, 
prolonged discharge through the lung may induce fibrotic changes, pneu- 
monia, or abscess with all its attendant dangers, such as thrombosis or 
abscess of the brain. (Plate XVL) 

In all cases of absce^ discharging through the lung a careful register 
should be kept of three things — Iwdy-teniperature, daily amount and 
character of expectoration, and, once a week, the weight. If temperature 
keep up, if the amount of pus continues the same or increases, or if the 
patient continues to lose w^ht, an attempt should be made at all risks 
to reach and drain the abscess from the outside. If temperature remains 
normal, if pus gradually or intermittently decreases, and if the lx)dy-wei^t 
if maintained or increases, operation is unnecessary, or, at all events, 
should deferred. 

Medical treatment with full doses of ipecacuanha and emetine, main* 
tamed over a long period, generally exerts an almost miraculous effect 
and renders operative interference unnecessary. 

In exploring the liver in such cases, it must be borne in mind that most 
likely the abscess cavity is collapsed, and that the sides of the abscess 
may be in contact. Such an abscess is not likely to be discovered unless 
the needle be thrust into its full extent and, whilst a good vacuum is being 
maintained in the aspirator, slowly withdrawn. If by good fortune the 
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abscess has been traversed, then, when the end of the needle is crossing 
the cavity, a small amount of pus will be seen to flow. 

Treatment of abscess rupturing irUo a serous cavity . — When there is 
evidence that an abscess of the liver has ruptured into the peritoneum, 
into the pleura, or into the pericardium, the particular serous cavity 
involved must be opened and at once treated on general surgical principles ; 
otherwise the patient will almost surely die. In the circumstances the 
surgeon will be justified in assuming great risks. 

2. AM<EB1C ABSCESS OF THE BRAIN, SPLEEN AND EPIDIDYMIS 

According to Armitage, 48 cases of amcebic abscess of the brain have 
been recorded, for the most part from Egypt. Like hepatic abscess, it is 
more common in men than in women. It is generally solitary, and may 



Fig. 77«— Amoebic granttfomt and ukeratioii of abdominal parietes surroanding 

colostomy. 

be regarded as a metastasis of hepatic abscess. The pressure symptoms 
resemble those of a cerebral tumour, and the abscess ia. invariably fatal. 
Amoebic abscess of the spleen was recorded by Rogers and others post 
mortem. Abscess of the epididymis was reported from China (Warthin). 

8. AMCmiC INFECTION OF THE SKIN AND SUBOUTAKKOtTg TISSUES 

Since 1892, it has been kpown that the skin may be subject to amcebic 
invasion in the vicinity of a discharging liver-abscess sinus. Amoebae 
have b^n demonstrated in sections of the skin, and they are susceptible 
to emetine. Gangrenous lesions of the abdominal wall and perineum 
have b^ described from time to time, especially by Eugman and Meleney 
(1981), while Hsu, in China, described a series of four^n cases and showed 
that the condition is by no means rare. The Editor treated one such 
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case, in which the parietes in the vicinity of a colostomy and the abdominal 
wall were involved (Hg. 77), with disc^aige of foetid anchovy sauce pus. 
The patient was proved to have active amoebic dysentery. Extensive 
gangrenous destruction of the buttocks and skin of the back was seen in 
St. Mark*s Hospital, London, in an ex-soldier who had served in India 
fifteen years previously; though he had never suffered from clinical 
dysentery, E. histolytica cysts were present in the fsBces. The lower 
part of the rectum, the pelvic floor and the perineal tissues had been 
destroyed. Response to emetine therapy was quite remarkable. (Fig. 78), 



Hg* 7S.— AmeWc tticeralleii of fkin. Ukeratfon of tacntin, coccyi 
and pafincum. (If. B, Qahrid. Trana. Rmf, Hoc. Trap. ifci. 

“ /. 1933, $2 221) 

Amasbiagis eidis is a secondary infection of papillomata around the 
anus* The lesimis have a ponched-out appearance, and resemble in 
this respect intestinal amoebic lesions. 

4. UatHAEY 

A number of uncaritical papers have appeared desoribiiig as amoriMs 
pcoatatie or other inflammatory oelk which may be pieaent in lobamite cy a tfe 
or prosta^di. When A. hisUiyUca in vegetadve form is present in t^ ledne it 
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comes through a fistula between the bladder and the ulcerated rectum, as in the 
case reported by Craig (1911). Amoebic ulceration of the urethra in the male, as 
well as of the cervix uteri in the female, has been reported by Hsu in China, and 
amoebae have been demonstrated in the tissues in microscopic sections ; E, 
hisklyiica in the urine may be derived from this source. 


6. PULMONARY AMCEBIASIS 

This type of case is distinct from 
pulmonary abscess secondary to that 
of the liver where infection of the lung 
tissue results from direct extension of 
the hepatic abscess or by rupture into 
the bronchus. 

In • primary pulmonary amoebiasis 
the amoeb© reach the lung by direct 
embolism from the bowel. Having 
gained the pulmonary circulation, they 
form firm nodules, which later break 
down into small abscesses. The 
symptoms produced closely resemble 
those of a fugitive broncho-pneumonia, 
or some form of tuberculous infiltra- 
tion. 

These patients, who have been at 
some time the subjects of amcnbic 
infection, suffer from pulmonary 
symptoms, with profuse purulent 
expectoration, sometimes tinged with 
blood, and respiratory distress with 
intermittent pyrexia. They are apt, 
however, to have rigors, which may 
serve to differentiate the condition 
from other respiratory diseases. The 
phjrsical signs vary, but are usually 
those of broncho-pneumonic consolida- 
tion, detectable at the border of the 
scapula, especially on the right side. 

Skiagraphy may be of little avail in 
diagnosis. Amceb® are not found in the 
sputum. There is, as a rule, a distinct 
leucocytosis. The response to emetine 
treatn^t is rapid and almost diag- 
nostio (Chart 25). A full course of 
injections slmald be given. 

BAIJtNTIBIAL DySENTERY . 

The ooeaskma] oommenoe of Bakmiid^ 
ium coU In the fboes, partioukrly in 
assodatlmi with dysenteric diarrhoea, has been recognii^ for the last fifty years. 
It Is only since Sttong and Mnsgrave oalkd attention to this sahj^t that 
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Balantidium coli has come to be regarded as the germ cause of a particular type 
of colitis resembling in many respects amoebic dysentery. The parasite has b^n 
studied from the zoological standpoint, more especially in temperate climates, 
but it seems probable that extended observations will show that it is equally if 
not more prevalent in warm climates. It is a common parasite of the pig, and 
produces a fatal form of dysentery in monkeys in captivity and especially chim- 
panzees. Human cases have been reported all over the world, but especially 
from Germany and France, in those who tend domestic pigs. It is thought that 
cysts are transferred from the hands to the mouth during the handling of the 
intestines of infected animals. Mackenzie and Bean (1938) recorded the frrst 
case in England in a mental patient, and a second has been described. 

How it attains the human intestine is not known, but as it is a common parasite 
of the pig, these animals should be regarded as the usual source of infection. 
Balantidium may live for a considerable time in water or faeces (one hour to three 
days). In liquid stools it exhibits great activity, indulging in locomotive as 
. well as in rotary movements. For further description, see p. 877. 

Geographical distribution. — Balantidiasis in man has been recorded from 
Russia, Scandinavia, Finland, Ormany, France, Austria, Holland, Italy, Spain, 
Siberia, China (Tsingtau), Georgia, the Philippines, Cochin China, Andaman 
IsUnds, Sandwich Islands, Egypt, and the Sudan. Cases have also been reported 
from North America, North and South Carolina, Brazil, Porto Rico, Cuba and 
England. 

Pathology. — There is little or nothing to distinguish the gross as well as the 
microscopic pathology from that of amoebic ulceration. The organisms have 
been found by Strong, Martini and Walker in the mesenteric glan^ In thirty 
autopsies a variety of dysenteric lesions, from catarrhal congestion and diph- 
theritic patches to extensive ulceration, have been described. On section. Strong 
demonstrated the balantidium, not only in exudates on the surface of the bowel, 
but congregated in large numbers in the follicles, or embedded in the tissues 
forming the base of the ulcerations, including the submucosa and muscular coats, 
and even in the lumen of blood-vessels and lymphatics. The early lesions are 
minute hssmorrfaages ; later, ulceration and abscesses appear. Bowman stated 
that the colon throughout its whole extent may be a mass of ulcers from which 
hang shreds of necrotic tissue — lesions resembling those of amcebic dysentery. 

Symptoms. — ^These are, in the present state of knowledge, indistinguishable 
from those of amoebic dysentery. The disease is chronic,^ its special nature 
being discoverable only on microscopic examination of the stools. Generally, 
only one or two balantidia are found, but as many as twenty may be seen in 
every field of the microscope. The blood usually shows no change ; there is no 
leucocytoais and the polymorphonuclears represent 70 per cent. The ulcerations 
in the bowel, revealed by sigmoidoscopy, resemble those of intestinal arocsbiasis as 
described by Mazza, Alvi^ado and ^hurmann (1032). The mortality in 111 
I ooUeoted by Strong was 20 per cent. 

Treatment — Walker found that organic oompounds of silver are effbotive 
in eradicating the infisotkm. Thymol 1^ been recommended, and oil of oheno* 
podinm, as in ancylostomia^ has been reponrted to be sueoessfuL Young and 
Burrow (1043) cured seven oases with carbasone, 0*26 grm. twice daily for 10 
days. Ilik should be repeated if there is, relapse. Yered tried a new remedy-* 
cai^inase-« watery extract of Jacaranda deatfrens^ 26 grm. in 600 o.o. of hot 
water, whkdi is given as rectal lavage for three weeks. Methykiie blue enemata, 
3 {dnts of a 1 per cent, solution, m claimed to give good fesulto. Wesifdtal 
praises hydrochloratc of a<ridtne. 
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HI. HELMINTHIC DYSENTERIES 

Bilharzial dysentery . — Adeno-papillomata or ulcerations of the large 
intestine evoked by passage of eggs through the intestinal wall, are found 
in BiViarzia viansoni, B. japonica, and exceptionally in B. hceniatobia 
infections. The dysentery thus produced is met in those countries in 
which the parasitc^s occur. 

The stools contain yellow or bile-stained mucus with clots oi streaks 
of blood, in which the bilharzia eggs can be found under a low power of 
the microscope. Eosinophilia associated with symptoms of dysentery 
is highly suggestive, and diagnosis should, if possible, be confirmed by the 
discovery of the characteristic eggs in the faeces. Sigmoidoscopic exam- 
ination should help in doubtful cases. Pathologists should bear in mind 
that eggs are more easily found in the outer zone of solid fasces than in 
more central portions. Usually, pus cells in the faeces show a high propor- 
tion of eosinophils. 

Infection with CEsophagostomum apiostomum and O. stephan- 
ostomum (p. 914). — These are rare intestinal parasites of man in Brazil, 
Northern Nigeria and Central Africa. ^Mien numerous they may give 
rise to dysenteric symptoms. The adult worms encyst under the sub- 
mucosa, and may, together with their eggs, be recognized in the dysenteric 
discharges. 

Infection with other helminthic parasites.— Chronic diarrhoea and 
possibly dysenteric attacks have occasionally been noted in intestinal 
infections with Fasciolopsu busldi (p 879), Paragonwms westemianii 
(p. 884), Heietophyes heterophyes (p. 883), and Strongyloides stercordis 
(p. 917). 

DIFFERENTIAL DIAGNOSIS OF THE DYSENTERIES 

Mixed infections of different forms of dysentery may, of course, occur 
in those countries in which these diseases are endemic. 

Combined infections of amcebic and bacillary dysentery are the most 
frequent. Such cases do not usually occur in temperate countries but 
during the course of severe epidemics of bacillary dysentery, when bacillary 
infection may be grafted upon some long-standing amoebic ulceration of 
the bowel. On the other hand, this dysentery may be follow^ed by amoebic 
invasion of the bowel, which makes diagnosis still more difficult. 

Bacillary dysentery occurs quite commonly as a terminal event in 
intestinal bilharziasis, and anuebic ulcers may sometimes be associated 
with the same condition. 

Giardiasis.^ — Of the intestinal flagellates which appear in the fasoes, perhaps 
Giardia {LarMia) inUstinaiis has the best claim to be regarded as pathogenic. 
The usual habitat of the parasite is in the upper part of the smaU intestine, but 
it may also heavily infest the duodenum. When newly passed in the fasces it is 
very active, presenting a oharaoteristio appearamoe. During the passive staiges 
cysts appear in the faeces in enormous numbers, and may be associated with 

^ CUirdiasis or latnblisais is montioned tn this section for the sake of completeness, although 
the diarrhoMl associMd with the panaite cannot strictly be claastfled as a dysentery. 



526 THE DYSENTERIES AND LIVER ABSCESS 


those of E, hiHolytica, They are generally found in 4-16 per oent. of normal 
natives of the tropics. Other species are found in mammals and in reptiles, 
and one in the mouse, Qiardia muris, is closely allied to the human parasite. 
In children in Northern countries giardia infection is three times as common as 
in adults. (In America 48*1 per cent, of industrial school children.) For a 
description of (?. intestinalis, see p. 876. 

In England and in Canada the parasite has been found in the intestine of quite a 
large number of normal children, while Boyd, Silverman, and others have shown 
that it can occasionally be demonstrated in the duodenal juice, bile, and gastric 
contents. 

Some regard this parasite as pathogenic on the grounds that it is found in 
large numbers when the stools are liquid, and that quantities of mucus are passed 
containing active parasites. 

Giardia infection is associated at times with a type of recurring diarrhoea 
accompanied by abdominal discomfort. The stools may be of a peculiar clay 
colour and pultaoeous consistence, and may resemble those of sprue, or in English 
children of coeliac disease (R. Miller, 1926). Fat absorption has been found 
defective and excretion of bile below normal ; both are attributed to mechanic^il 
effects of these parasites on the intestine. After these attacks, the encysted forms 
of G. intesiinaiis are present in large numbers in the fieces. Relapses tend to 
occur periodically, but eventually tolerance is acquired. Flatulence is almost 
invariable. In the acute stage the abdomen is tender and there is general dig> 
comfort. Veghelyi, who made observations on children in Budapest, described 
anorexia, hea^ches, dizziness, abdominal pains, and anaemia. The attack is 
not accompanied by emaciation, and symptoms probably originate from 
mechanical irritation, not from destruction of the mucosa, though’ in mice, in 
which similar parasites cause diarrhoea, they may penetrate the submucosa. 
Giardia infections are intractable and may persist for years. Hegner thought 
that the number of these parasites is dependent upon the diet as they tend to 
disappear from the fseces when the patient is fed on a protein dietary. 

Treatment. — It is difficult to be certain of complete extirpation of 
these protozoa, for giardia frequently reappear in numbers in the fa*ces 
after an absence of several months. Apparently the parasito itself is 
subject to periods of great activity followed by periods of quiescence. 

Aiebrin (mepacrhw, quinacrim) is specific both for the active phases of 
the parasite and for the cysts. This claim, originally put forward by 
L. Brumpt, has been abundantly confirmed from many sources. The 
parasites disappear from the fs^ces after a course of 0*1 gnn. three times 
daily for 5-7 days, in adults ; though in children two tablets daily suffice. 
Sometimes it may prove necessary to repeat the course. Probably 
giardia is mildly pathogenic, because associated symptoms also disappear 
after treatment. German and Scandinavian authorities prefer Acranil, 
the hydrochlorate of an acridine compound, in doses varying from 0. 25 grm. 
dafly for children under two, to 1 *5 grm. daily for 5 days in those over 
ten. This drug is said to be more easily tolerated than atebrin. 

OTHER FORMS OF BIARRHCEA AND DYSENTERY ASSOCIATED WITH 
INTESTINAL PARASITES 

The common intestinal flagellates. Trichomonas iniesUnaUs mid ChUomasim 
mssniU {see pp. 872-874), thouj^ oeoturing oommonly in diarrlueio and dysenteric 
sUxAb, have little daim to pafiiogenioity. They are freq^ientfy present in lii!ge 
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numbers in the fluid faBces of patients convalescing from bacillary or amoebic 
dysenteries. Probably the presence of large numbers of these flagellates in the 
bowel contents is due, to a great extent, to the fluid medium, in which they 
flourish ; but when a case of chronic diarrhoea is encountered and no other obvious 
signs can be found, and where large numbers of active flagellates are lashing 
about in liquid faeces, it becomes diMcult not to assign some pathogenic properties 
to these apparent agents of disease. Hence the term Flagellate Dysentery 
has arisen — a term which probably indicates that the host has been exposed to 
abnormal intestinal infection. These organisms usually disappear after vigorous 
lavage of the bowel by irrigations of 2 per cent, sodium bicarbonate combined 
with stovarsol (gr. 4), or spirocid, in similar dose — ^two tablets daily for eight to 
ten days. 

Spirochsetal dysentery is attributed to the presence of numbers of spirochsetes 
in the intestinal canal. These organisms, composed of three or more simple 
spirals, are known as SpiroduBta eurygyrata^ but they are not usually regarded as 
pathogenic. 

Intestinal coccidiosis has to be considered, especially Isospora hominis 
{see p. 876), which causes diarrhoea, with mucus and Charcot-Leyden crystals in 
the fsBces. Cases of this infection have been reported from all over the world, 
especially from the Near East and the Dutch East Indies. 

Malarial dysentery. — blood-stained discharge or, more frequently, 
hesmorrhage, may occur in the abdominal forms of subtertian malaria. The 
blood pas^ is very dark, due to petechial haemorrhages from the intestinal 
mucosa. These are, as a rule, very serious cases. Instances were recorded 
by the Editor in which malaria was first suspected from discovery of the subtertian 
parasite within the red blood-corpuscles in the feeces. Besides the haemorrhagic 
faeces, malaria should be suggested by the clinical aspect of the patient, sweating, 
icteric tint of solerotics and skin, enlarged spleen. V ioUnt diarrhcea may at times 
be the one outstanding clinical sign of an intensive subtertiam infection. 

Kala-azar dysentery. — Blood and mucus may be passed in the faeces in 
advanced oases of this disease, which may be due to an ulceration of the bowel 
by Leishman-Donovan bodies. The parasites are present in large numbers in 
the villi of the small intestines, and may form polypoid masses in the mucous 
membrane of the large intestine, whence they escape into the faeces. 

Other conditions which may resemble dysentery.— There are other 
perhaps more familiar conditions, not necessarily of tropical origin, in which 
dysenteric symptoms may occur. 

Of all common diseases with which mild dysentery may be confused, the first 
place must be given to internal hemorrhoids. A correct dbkgnosis is readily 
made. Again, profuse offensive diarrhesio motions with blood and mucus may be 
passed in tiAereuXons ulceration of the large bowel, which may be comparatively 
common in the tropics. ColUiSf ulcerative, membranous, or hemorrhagic, 
resembles baoillary and amoebic dysenteries in clinical fe&tures and in the 
character of the stools, but can be differentiated by miorosoopic examination of 
the freoes, as well as by sigmoklosoopy. Idiopathic ulcerative colitis (colitis 
gravis) is becoming increasingly common and hna to be differentiated fr:om the 
baoillaiy dysenteries. It is undoubtedly a disease sui generis and is distinguished 
by pyrexia, toxaemia, intense anaemia, a tendency to spontaneous cure, amd 
great liability to rdbapse. A very amute form sometimes follows cyriosoopy, 
or instrumental inves^tion of the genito^urinai^ tenet, and has b^n riiown 
to be due to merouiy poboning from instruments stwilixed with mercuric cyanide. 
Mucous cofUis, car the syndl^^ whirii is commonly known by that name, is a 
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frequent 9eqv/d of both bacillary and amoebic dysentery and is frequently wm* 
fus^ with both. Stercoral ulceration, produced by chronic constipation asso- 
ciated with myxoedema, may give rise to a blood and mucous discharge. Certain 
surgical conditions — simple ]^ypus, malignant disease, intussusception, even 
syphilitic disease of the rectum, or rectal stricture in lymphogranuloma inguinale 
(p. 624), the diagnosis of which should be determined by digital examination — 
most be kept in mind. Polyposis is a vei^ distressing condition which usually 
undergoes malignant degeneration. Foreign body in the rectum is another 
possible diagnosis. 

Blood and mucus are often passed in diverticulitis, which is quite common 
in tropical practice. In paratyphoid B, infections ulceration of the large intestine 
may give rise to blood and mucus in the stools. Food poisoning due to organisms 
of the Salmonella group may sometimes cause confusion by pausing t^ same 
symptoms. 



CHAPTER XXIX 


TROPICAL SPRUE AND HILL DIARRHOEA 

Synonyms. — Tropical Diarrhoea ; Aphthae Tropicae ; Psilosis ; Ceylon 
Sore Mouth. 

Definition. — A peculiar and dangerous form of chronic inflammation 
of the whole or part of the mucous membrane of the alimentary canal. 
Although a disease of warm climates, it may develop for the fijrat time 
in temperate countries, usually, however, in individuals who have previously 
resided in the tropics or subtropics. 

History. — Sprue was first described by a Dutchman, V. Ketelaer, in 1669, 
and then by Hillary in Barbados in 1766, but the term “ sprue ** was first applied 
to the disease when it was rediscovered independently by Van der Burg in Java, 
and by Patrick Manson in Amoy, China, in 1880. Since that time, it has been 
found to be comparatively common in the tropics. A somewhat similar 
steatorrhoea was described by Thaysen in 1932 in northern Europe as “ non- 
tropical sprue.” 

Geographical distributioii. — South China, Manila, Cochin China, 
Japan, Java, the Straits Settlements, Ceylon, India, Mauritius, a few cases 
from Fiji, more frequently in the West Indies, the Southern United States, 
Porto Rico, Central America, the Guianas, and Queensland. Isolated 
cases have been recorded from Iraq, Egypt, Gibraltar and Palestine, 
Malta, North Africa and Russian Turkestan. In Central Africa the 
disease is rare, though the Editor has recorded one instance from 
Nyasaland. 

Epidemiology and endemiology — Information so far on this subject 
suggests that sprue is a regional, as opposed to a climatic disease, and it 
pre-eminently affects Europeans. There was formerly doubt of its existence 
in native races ; highly pigmented people, usually the indigenous in- 
habitants of the endemic country, are less liable. 

The disease is apt to occur in one or more members of the same family. 
Many instances of sprue in husband and wife have been recorded, probably 
from exposure to the same influences. Atmospheric temperature per se 
has no influence, for sprue originates at high altitudes in Ceylon and in 
the Himalayas, where the climate approximates to that of Europe. 

There are residences in Bombay and bungalows in Ceylon whiah are notorious 
for the incidence of sprue in successive tenants ; these have been known as 
'' sprue hous^ ” and have given rise to a popular theory that the disease is con- 
nected in some way with “ dry-rot ” in wooden beams. 

As a rule, sprue attacks those of middle age or over. Children are 
rarely affect^, though there is one authentic record in an English boy 
from Ceylon of eleven years of age (Miller). Amongst Europeans both 
sexes appear equally liable. 

iEtiology^ — In spite of the considerable work which has been devoted 
to this subject, and the number of speculations which have been enter- 
tained, the true etiology of tropical sprue remains obscure. The germ 
causation, as for instance, the yeast, or MonUia theory, has now been 
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abandoned (Kohlbrugge, 1801, the Editor 1912). These organisms are 
regarded more as terminal and secondary invaders. Nutritional deficiency, 
as originally postulated by McCarrison, Elders and NiohoUs, appears at 
present to be the most likely factor. There are cogent reasons for 
including sprue in the vitamin deficiency group, or at least regarding 
it as essentially the result of nutritional disorder. The modem discoveries 
on the Aetiology of pellagra and the fact that in fully-developed tropical 
sprae there are signs and symptoms which may be ascribed to vitamin 
deficiency, mainly of the vitamin B* complex, have fortified this theory. 
But tropical spme is undoubtedly a disease sui generis. The clinical 
characteristics are so typical as to admit no other assumption. 

Biochemical studies, by Fairley and others, suggest that the phenomena 
of tropical sprue can best be explained in terms of a metabolic breakdown of 
the gastro-intestinal tract, characterized by defective absorption in the 
small intestine, primarily connected with defective secretion of Castle’s 
intrinsic factor by the pyloric or Briinner’s glands. The well accepted fact 
that the anasmia of sprue resembles that of pernicious anaemia, and responds 
in like manner to the extrinsic factor (in liver extracts), is certainly sugges- 
tive. Then there is the glossitis, which appears to bear the same si^iificance 
as in pellagra, pernicious anaemia and idiopathic steatorrhcna, in all of which 
it seemingly represents the expression of Bf avitaminosis and is influenced 
by administration of nicotinic acid and riboflavin (see p. 401). 

Furthermore, as in pellagra, there is a pre-sprue, or larvai condition, of 
which glossitis is the outstanding sign, which is indistinguishable from a 
similar stage in larval pellagra. A connecting link between sprue and 
pellagra is also suggest^ by the fact that pellagrous symptoms may 
sometimes be eugradted on sprue as a secondary phenomenon as in other 
forms of chronic steatorrhoea. 

It has been suggested, with cogent arguments, that the sprue syndrome 
may be regarded as the expression of ** chronic jeguno^Uecd insufficiency ’* 
of which ^e outstanding signs are steatorrhoea, emaciation, meteorism, 
glossitis and megalocytic anaemia ;* and that these phenomena may be 
evoked by a number of conditions* The main argument for this view 
lies in the results of gastro-jejuno-eolic fistula, which reproduce the main 
signs and symptoms of sprue ; a similar clinical picture may be produced 
as the result of an ill-functioning gastro-enterostomy. Sprue-like signs 
and qrmptoms disappear when the defect is rem^ied by operation. 
Sprue symptoms may also supervene on resection of four feet, or more, 
of the lower ileum ^arkoff), or may be produced by interference with 
chyle absorption in lymph^enomatous infiltration of the mesenteric 
glands, or by ulceration of the ileum. 

Other diseases closely simulate tropical sprue, such as cosliac disease in 
children and idiopathic steatorrfaosa in adults. These ate probably the 
outccnne of other tcmm of malabsorption from the small intestine* In 
idiopathic stmtorrhoBa the syndrome possibly represents an exaggerated 
phase of tropical sprue with implication of factors other than tiie ^tamins 
of the Bs Comdex. It is conceivable that the syndrome is produced^ not 
so much by w absence of ess^tial vitamins from the metaiy, as by 
fidlme to absorb them* 
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These vitamins are probably neoessanr for proper absorption of fat by 
the villi of the small intestine, or intimately concerned with pho8p}u)rylati(m. 
Stamms has attempted to explain this complicated process as follows. 
The absorption of neutral fat in sprue is normal, but that of fatty acid, 
glycerol, cholesterin and glucose is defective, due to failure of phosphory- 
Iciion, an essential process in absorption. The fact that neutral fat and 
glucose are normally absorbed without the aid of this process would 
explain the success of strawberry and banana diet in sprue. Calcium is 
deficient because it forms insoluble soaps with free fatty acids, and similarly 
there is a deficiency of phosphorus. The loss of calcium and fats, with their 
fat-soluble vitamins, is responsible for bone changes, tetany and failure 
of blood clotting. The mass of unabsorbed fatty acid and gas, due to 
fermentation of unabsorbed glucose, causes distension, and is responsible 
for the radiographic signs of sprue and sprue-like diseases {see p. 541). 
The physiological lesion in sprue is failure of phosphorylation due to defect 
of the enzyme system, the co-enzymes of which are members of the vitamin 
B complex — ^riboflavin, nicotinic acid, pyridoxine and probably others 
(see pp. 401-407). 

Tropical sprue seems therefore to be coming into line with such other 
well-known avitaminoses as beriberi and pellagra in which a primary and 
8f)condary form may be recognized. For instance, the sprue syndrome 
may reveal itself as a primary disease, or as secondary to some other 
infection of the gastro-intestinal tract, such as bacillary dysentery. 

That there are difficulties in accepting the nutritional theory in toto is 
not to be denied ; for instance, the restriction of tropical sprue to certain 
tropical and subtropical countries, and the fact that Europeans who 
develop the disease are usually better nourished than the indigenous inhabi- 
tants of the countries where sprue occurs. Moreover, Thaysen in 1982 
described “ non-tropical sprue ” in Northern Europe which he claimed 
to be clinically and biochemically indistinguishable from the tropical 
form. Most of his cases were undoubtedly examples of idiopathic 
steatorrhoea, but there remained a residuum which correspond clinically to 
tropical sprue and are curable by the same methods. If further research 
should prove this to be the case, then sprue caimot be regarded as a strictly 
tropical disease. In the Editor’s opinion, sprue is encountered in its 
most florid form in the tropics and subtropics, but minor manifestations 
of the sprue syndrome may be encountered in temperate zones. (See 
pp. 540-«41). 

These views ipay best be illustrated by the following table : — 

Syndromes charaeterizsd hy QhssUis emd SiomatUis, 
MHoloyicdlfnskirs. Syndroms. ContrUmtory factors. 

Ariboflavinotis. 

1. Riboflavin defioiency. Cheilosis, sebovdioeio der- 

maUtit, glossitis, oomoal 
vaaoularisatton, keratitis, 
photophobia, oonjunotivitis. 
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Mtidogical factors, 

1. Nicotinic acid de- 

ficiency. 

2. Riboflavin deficiency. 


Table — (con^tnwcd). 
Syndrome. 

Pellagra. 

Glossitis, dermatitis. 
Changes in spinal cord. 

Stomatitis, glossitis, 
seborrhoeic dermatitis. 


Contributory factors. 

Bacillary dysentery, 

amoebiasis, intestinal 
tuberculosis, alcoholism. 
Chronic gastro^intestinal 
disease, sprue. 


1. Adrenal dysfunction T 

Tropical Sprue. 

Low blood pressure. 

Previous gastro-intestinal 

2. Ribofla\in deficiency. 

Stomatitis, conjunctivitis. 

disease. 

“ twilight-blindness.** 


3. Deficiency of Vitamin 

Changes in spinal cord ? 


Bg complex. 

4. Deficiency of both 

Megalocytic aiuemia. 


factors of Castle. 




1. Congenital defect 


2. Nicotinic acid deficiency ? 

3. Riboflavin deficiency ? 

4. Other factors in the 

Vitamin Bt complex T 
6. Vitamin D deficiency. 

6. Factors of pernicious 
anssmia ? 


Ideopathic Steatorrhoea. 


Glossitis, stomatitis. 
Glossitis, stomatitis. 
Megaoolon. 


Coeliac disease or “ con- 
sumption bowels ” in 
childhood. 


Osteoporosis, hypocalciemia. 
Megalocytic ansBmia. 


Pernicious Anaemia. 

{Addison's). 

1. Deficiency of intrinsic Megalocytic anicmia. 

factor of Castle. 

2. Deficiency of nicotinic Glossitb. 

acid and ribo^vin ? 

3. Deficiency of other fac- Changes in spinal coni. 

tors in the Bg complex ? 


Nutritional Megalocytic 
Anaemia. 

1. Deficiency of extrinsic Megalocytic anemia. Malaria, pregnancy. 

factor. 

2. Deficiency of riboflavin Glossitis. 

and nicotinic acid t 


Li the majority of tropical sprue cases there is either hypo- or achlor- 
hydria, sometimes even achylia gastrica, and Castle and Townsend have 
^wn that the intrinsic factor is absent from the gastric juice, as in 
pernicious anemia ; but the gastric element differs from that of pernicious 
anemia in that acidity in sprue returns to normal after adequate treat- 
ment with liver extract and restoration of the patieait to he^th. 

Pathology. — The heart hoe tunally undergone “ brown atro|diy.” TheUveris 
atropiued, mmI all the musdee and vuoera are anemic and waate^ With these 
exceptions andowtain ohanges in the alimentary tract, so fiur as is known, there 
aie no i^echd letions invariably associated whh this disease. OooasionoUy, the 
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imncreas shows fatty or granular degeneration of the cells, with softening of 
isolated acini and slight inflammatory infiltration of the connective tissue. 
These, however, are not more constant than are similar changes occasionally 
found in the liver and kidneys. Sections of the tongue show desquamation of 
the epithelium, especially from the surface of the fungiform papillae. 

LeHona of the alimentary tract , — In longstanding cases, there is usually atrophy 
of the small bowel so as to render it almost diaphanous. Ulceration and erosion 
of the Ueum le&ding to perforation and peritonitis have been described by the 
Editor, but these, as well as the destruction of the intestinal villi, are now thought 
to be secondary changes (Mackie and N. H. Fairley, and, more recently, Thaysen). 
The chief lesions are thinning and atrophy of the mucous membrane of the 
absorptive and secretory epithelium with shrinkage of the villi. The changes 
are essentially those of degeneration and aplasia and there are evidences of 
blood destruction in the mucosa, suggesting absorption of some haemolytic 
substance in the intestines and destruction of blo(^ in aitu. In autopsies, 
where death has been sudden, it is surprising indeed what few naked*eye changes 
can be seen. Pathological changes are seen in the red marrow of the femur and 
the tibia. This is usually reduc^ in quantity, though there may be hyperplasia, 
as in pernicious anaemia. It is suggested that in sprue there is a toxin which 
primarily stimulates, but eventually exhausts the haemopoietic system. Ulcera- 
tion of the ileum, leading to perforation and general peritonitis, may be the cause 
of death. 

The messenteric glands may be enlarged, pigmented and fibrotic. The in- 
flammatory changes in the mucosa and the invasion by round and plasma cells, 
formerly considered characteristic, are now held to be inconstant in appearance 
and extent, and possibly to be caused by the irritability brought about by acid 
fteces. 

Clinical pathology. — The stools of sprue are characterized by their 
light colour and excessive size ; they may he five or six times the normal 
amount. Analysis reveals the ordinary elements of bile, notwithstanding 
the lack of colour. The excess of fat in the stools and low fat content of the 
blood (412*8 mgm. per cent.) indicate that a proportion is due to actual 
excretion of fat through the intestinal mucosa. (The normal is 600 mgm. 
per cent.). Normally, neutral fats in the fjBces are to fatty acids in the 
proportion of 1 to 2 ; in pancreatic disease this ratio is reversed, and 
may be as high as 16 to 1 ; while in sprue stools more splitting of fats 
takes place, the proportion of neutral fats to fatty acids being as 1 to 3 
or eveh 1 to 6. It is estimated that not uncommonly 60 grm. of fat is 
excreted in a single stool when the patient is living on ^ mixed dietary. 
The average results of fat analysis of fesces is as follows : — 

Total fat 60 per cent. 

Combined fatty acids 14 „ „ 

Free fatty acids ... 87 „ „ 

IJnsoaped fat ... 46 „ „ 

Neutral fat 7 „ „ 

The trypsin and other enzyme activities in the stools are normal. Tht«e 
figures indicate that in sprue pancreatic digestion proceeds quite normally, 
but that the products of digestion are not absorbed, probably b^use 
the contents are hurried through the small intestine. Malabsorption of 
fats may probably be due to the same cause. 
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The blood picture of the fully-developed sprue case is a luegalocytic 
ansBiuia, the shse of the cells varying from 7*8-8 fi. The very variable 
degrees of aneemia coincide with the variable changes in the bone-marrow. 
As a general rule, this grave anasmia occurs in patients over fifty ^ears 
of age. Ip no instance, in the cases investigate, has the colour mdex 
been less than 0*7. In the majority of cases it is above that figure. In 
uncomplicated sprue the leucocyte counts are either normal, or there is 
a leucopenia associated with a relative lymphocytosis. Blood crises 
commonly occur in sprue and are characterized by a rapid and critical 
fall in the haemoglobin and red blood-corpuscles. Usually associated 
with severe diarrhoea, it progresses to a fatal issue, without remissions 
and without those evidences of blood regeneration which are so typical 
of similar crises in pernicious anaemia. HyperbilirubinaBmia is found 
more frequently in i^aria and in pernicious anaemia than in sprue. 
(Tan den Ber^ test). 

The Price-J^ones curve resemble tliat of pernicious anaemia, being 
chaunu^terized by mauked atsymmetry, broaden^ of the base, displacement 
to the right, amd a definite mcrease of the diameter of the corpuscles to 
8 07 /i. It therefore seems that deficient blood-production rather than 
excessive blood-loss constitutes the basis of sprue anaemia. 

Smmp^xtlcium and phosphorus conleni. — Fairley, Makokie and* others have 
oonfirmed Scott^s observations that the ionic oaldum is lowioed in sprue, 7*4-0 
mgm. per 100 c.c. of serum being ccmstantly registered. Fairley wnd Bromfield, 
mhig Kramer and Tisdall's technique, found the average tc^ calcium was 
8*8 mgm. per cent. The average serom-phosphonts reading was 3*2 mgm. per 
100 c.c. so that no rise above normal occurs. It is concluded that defective 
absorption is the basic factor involved in the low calcium content. 

Blood cholesterol . — There is a definite hypocholesteroltemia, and Fairley has 
diown that the serum cholesterol averages 72*8 mgm. per 100 c.c., the lowest 
reading being about 40 mgm. The cholesterol content rises rapidly with liver- 
extract therapy and hi^-protein dietary. 

EJood-emgar regulation . — ^Thayaen originally pelted out that in sprue, as well 
as in idiopi^c steatorrheea and cceliac disease, there is an abnormally low blood- 
sugar curve, which is not doe to impairment of glucose absorption, or to its 
decdrnction in the intestines, but possibly is related to adrmial imnifficiency. 

The wine is highly coloured, especially in cases with prmiounced ansnnia. 
Thisisdue to the appearance of urobihne^pen and uroldlln In paUiological amounts, 
derived from the p^uots of blood des^efion, as it is estimated that in sprue 
amemia the blood-celis are being destroyed nearly five times more rapidly than 
normal. The diastatio reaction has bemi investi^ikted and has been found to be 
well within the normal limits. This method affords a means by which sprue 
may be diffmntialed from chronic panmeatitis. Inacutespme there is porj^y* 
rinuria, as in peOagra. 

Gatirk stdretlon.^lM most cases there is a relative hypochlorhydria or a 
normal aeid curve, but oc casio it all y hyperehlodiydfla may be present. In eases 
with severe anmmia there Is usuafiy gashriaa. 

FcrtaUlii^.----Tbere is infinite variety in the eombinatioa 
and in ihe aeveriiy tA the various syniptcmm of sprue, aa well as in tiie rate 
o| {uogrem nf the diaeaae. In some inatanens it mny be ahnoat a an^ 
prooem, mmn^ ita eoiifae in n year or two ; in olhera, again, it may 
drag on mtmmUmtty for ten or fifteen yaani* Umb dapmida on w 
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circumstances, the character, the care, the treatment, the age and the 
intelligence of the patient. 

General sym/pioms in a typical case , — In an ordinary fully developed case 
the patient — who is generally dark or muddy in complexion and much 
emaciated — complains of three principal symptoms : soreness of the mouth, 
dyspeptic distension of the abdomen, and looseness of the bowels — ^the last 
being particularly urgent during the early morning and part of the forenoon. 
He may also complain of feeling physically weak, of loss of memory, and of 
inability to take exercise or to apply his mind. His friends will probably 
volunteer the infonnation that he is irritable and unreasonable. 

MouUi lesions , — The soreness depends on a variety of lesions of the 
mucous membrane, which, though painful, seem to be very superficial and 
vary considerably in intensity from day to day. During an exacerbation 
the tongue looks red and angry ; superficial erosions, patches of congestion, 
and perhaps minute vesicles appear on its surface, particularly about the 
edges and tip. Sometimes, from the folding consequent on swelling of the 
mucous membrane, its sides have the appearance of being fissured. The 
filiform papillae cannot be made out, although here and there the fungiloriri 
stand out, pink and swollen (Plate XVII). If the patient be made 
to turn up the tip of the tongue, red patches of superficial erosion, some- 
times covered with an aphthous-looking pellicle, may very likely be seen 
on either side of the fraanum. These aphthae probably form beneath the 
epithelium and subsequently burst. On eversion of the lips, similar 
patches and erosions are visible ; and, if the cheek be separated from the 
teeth, they may be seen on the buccal mucous membrane. Occasionally 
the palate is similarly effected ; very often, also, the mucous follicles are 
enlarged, shotty, and prominent. The gullet and uvula may also be 
congested and, in places, raw and sore. 

In consequence of the irritation caused by these superficial and exceed- 
ingly sensitive lesions, the mouth tends to fill with a watery saliva, which 
may dribble from the comers. If the patient attempts to take any acrid 
food, strong wine, or anything except the very blandest diet, the pain and 
burning in the mouth are intolerable ; so much so that, although perhaps 
ravenously hungry, he shirks eating. Not infrequently, swallowing is 
accompanied and followed by a feeling of soreness and burning under the 
sternum, suggesting that the gullet, like the tongue, is also irritated, raw 
and tender. During exacerbations the condition of the mouth becomes 
greatly aggravated. Although during the temporary and occasional improve- 
ments it is mu(di less pain^, even then salt, spices, strong wines and all 
kinds of sapid foods sting unpleasantly ; and the tongue, particularly along 
its centre, is seen to be bare and polished as if brushed over with a coating of 
vamicdb. At all times the tongue is abnormally clean and devoid of fur ; 
during the exacerbations it ill ^ and swollen ; but during the remissions, 
and when not inflamed, it is smali and pointed, and, owing to the anasmic 
condition of the patimit, it may be yellowish. The sore tongue and mouth 
may at first be the only lugns, and they may persist for months or, it may 
be, for a year before ^mplete sprae unfolds itself, - 
The tongue may be reg^ed as a mirror of the gastro^intestinal tract so 
that probably stintlAr changes (hyperemia and inflammation) are present 
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in the stomach and small and large intestines. The mucosa of the rectum 
is inflamed, as the Editor has demonstrated by sigmoidoscopy. 

Dyspepsia . — Pyspepsia is usually vejy troublesome, the feelings of 
weight, oppression, and gaseous distension after eating being sometimes 
excessive. Very likely the abdomen swells out like a drum, and un- 
pleasant borborygmi roll through the bowel (Fig. 79). OccasionaUy, 
though not often, there may be vomiting, sometimes coming on suddenly, 
and not always accompanied by nausea. As a rule, there is a moderate 



Fif. 79.— Sprue abdomen, showing intense meteorism, especially 
of lower ifuadrant. 

hypochlorhydria, with adequate response to histamine, which may account 
for the dyspepsia. The gastroscopic appearances have been described as 
being sin^r to those of pernicious anemia, and as taking the form of 
atrophic gastritis, which improves on intensive liver therapy. 

Ancemia may be pronounced even in the early stages, though more 
generally it develops when diarrhoea has persisted for some time. It is a 
megaloc^tic, hyperchromic ansBmia of the pernicious type, with alteration 
in the size wid shape of the erythrocytes, very occasionally with norrao- 
blasto. Oecasioni^y, severe anasmia, indistinguishable from that of 
Addisonian anemia with higji Van den Bergh readings, supervenes even 
when active sprue inrmptoros have disappeared. 

Tetany associated with dilatation of the stomach is quite common in 
longstanding cases, but is also found in the early stages where there has 
been dehyiimticm of the tissues and hypocalciBrnia. It can often be elicited 
by compression of the urocv arm (Trousseau’s sign). 

Cramps in hands am may be particularly distressing and mre 
the a^mpaniments of faypt^eamiia. 
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Diarrhoea , — Diarrhoea associated with sprue is of two kinds : one 
chronic and habitual, the other more acute and, in the early stages, 
evanescent. The former is characterized Jby one or more daily discharges 
of a copious, pale, greyish, pasty, fermenting, acid, mawkish, evil-smelling 
material : the latter is watery, also pale and fermenting, the dejecta con- 
taining undigested food and, as a rule, an abnormally large amount of fat 



Chart 26. — Composite graph constructed from observations on ten cases, to show the 
relative IncreaK in body-weight of patient and in red blood-corpuscles per cubic 
millimetre with coincident decrease in average weight of stool over the same period 
of treatment 

and fatty acids. In these latter circumstances diarrhoea usually brings 
with it considerable relief to the dyspeptic distension — at all events for a 
time. When the mouth is inflamed, diarrhoea is usually more active, 
but this is by no means invariable. The stools during periods of quiescence 
may be conned to one or two in the early morning or forenoon ; during the 
later part of the day tlie patient is not disturbed. Even in this quiescent 
phase, however, they are alwa3r8 extraordinarily copious, the excessive 
bulk being attributable in great measure to fatty acids and to innumerable 
microscopic gas-bubbles. They are passed almost, or altogether, without 
pain. Not infrequently during exacerbations there may be a tender, 
excoriated condition of the anus, and sometimes, in women, a similar 
condition of the vagina, causing pruritus. 

T]rpes, history, course and termination. Primary or proiopaihic 
sprue . — ^Tbere is a striking uniformity in the history of most oases of sprue, 
^e patient has probably been suffering for months, or perhaps years, from 
irregularity of the bowels. This, the physician may be told, l^an, soon 
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after arrival in the tropica, as a bilious morning diarrhoea. For a loi^ time 
this morning diarrhoea went on, without interfering in any way with the 
general health. Later, the mouth now and again became tender, little 
blisters or excoriations appearing for a day or two at a time about the tip 
of the tongue or inside the lips. These sore spots would come and go. 
Perhaps, from time to time, exacerbations of the mouth symptoms would be 
associate with a little increase of diarrhcea. Gradually, the stools lost their 
bilious character and became pale and frothy; dyspeptic symptoms, 
particularly distension after meals, now appeared. As time went on, these 
symptoms would recur more frequently, and in a more pronounced form, 
following, almost inevitably, any little imprudence in food or exposure. 
The general condition now began to deteriorate ; emaciation, langour, 
lassitude, and inability to get through the day's work satisfactorily, be- 
coming more pronounced each summer until, finally, a condition of 
permanent invalidism was established. 

Should the disease continue to progress, the emaciation advances slowly 
but surely. Diarrhoea may be almost constant, and now no longer 
confined to the raoromg hours ; the complexion becomes dark, sometimes 
very dark ; the appetite, at first in abeyance, may be ravenous, unusual 
indulgence in food being followed by increased discomfort, temporarily 
relieved by smart diarrhcea. At length the patient is confined to the house, 
perhaps to bed. The feet become oedematous, and the integuments hang 
like an ill-fitting garment, the details of the bony anatomy 'showing dis- 
tinctly through the dry, scurfy, earthy skin. Finally, the patient dies in a 
semi-choleraic attack ; or from inanition ; or from some interourrent 
disease. Such is the history of an ordinary, mismanaged case of sprue. 

Another type of case commences as an acute entero-colitis or hill 
diarrhoea," with sudden and profuse colicky diarrhoea, perhaps vomiting, 
and a certain amount of fever. The acute symptoms do not subside 
completely, but gradually acquire those of sprue grafted on to those of 
acute intestinal catanh (see p. 589). 

(a) Gastric cases. — Oc^ionally the morbid process is at first, judging 
from the existing clinical symptoms and subsequent history, conned to a 
limited part of the alimenta^ canal. Thus, there is sometimes sprue 
without diarrhoea, the principal symptoms being sore mouth, dyspeptic 
distension, pale, copious but solid stools, and wasting. 

(b) Intestinal cases . — On the other hand, there are cases in which the 
mouth is not eroded and there is little or no distensiem or dyspepsia, but in 
which the stools are liquid, copious, pale, and frothy. Sometimes a patient, 
who may have sufifered at anearli^ period or on a former occasion ik>m the 
first type of the disease, later acquires Uie diarrhoeie fmm ; and vice versa. 

(c) Sjme dturrkea.-— Sometimes under treatmmt the sore mouth, 

dys^psia and diarrhosa completely subside ; nevertheless, the wasting 
continues, the sto<^ remaining phenomimally copious— so much so that 
the patient may declare that more is passed tfaim has been eaten. In this 
case wasting is progressive, and the patient gradually dies of inanition. 

(<Q Tcn^ or motUk sprue.-- As a rate, the charaeteristio i^pearanoe of 
the tongue is assodated with gastric and intestinal symptoim, but thil is 
not invariable, The, Editor has described oases in and sevscal 
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others during the last twenty-five years, where the process remains con- 
fined to the inoiith and gullet for one year or longer, before typical intestinal 
symptoms are noted. This stage may well be regarded as larval sprue. 

Intestinal atrophy consequent on sprue . — In certain instances, under 
treatment the symptoms proper to sprue subside, but the patient’s digestive 
and a^imilative faculties are permanently impaired. Slight irregularities 
eithtT in the quality or the amount of food, chill, fatigue, depressing 
emotions, and other trifling causes sufiice to bring on dyspepsia accompanied 
by flatulence and diarrhoea. These cases may linger for years. Usually, 
they improve during the summer in England, getting worse during the 
winter and spring, or during cold damp weather. Ultimately, the patients 
die from general atrophy, diarrhoea, or some intercurrent disease. 

Secondary sprue . — Sprue may follow closely on the heels of some other 
severe intestinal disease, such as amcBbic or bacillary dysentery, or may be 
the direct sequel of hill diarrhoea. In bacillary dysentery, for instance, the 
sprue symptoms may be evanescent during convalescence, or, as sometimes 
happens, may become firmly established at some later period. Therefore, 
the recognition of a secondary form of sprue conforms with other nutri- 
tional djseases. The co-existenoe of intestinal amcebiasis with sprue has 
been recorded. 

S^uelae. Anemia and spinal symptoms. —Sex ere ansDinia of the 
pernicious type is a frequent sequel {see p. 584). Until recently it had been 
generally considered that sclerosis of the spinal cord did not occur in spnie 
and that this distinguished it in some degree from subacute combined 
degeneration of the cord in pernicious anaemia. But this distinction 
cannot be substantiated, for in longstanding cases of sprue with severe 
ana&mia, occasionally unmistakable signs of cord involvement — spastic 
paraplegia, ankle-clonus, positive Babinski sign, and, eventually, complete 
and fatal paralysis of the lower extremities — have been observed. Neuritic 
signs in the arms and legs (pins and needles) frequently supervene ; some- 
times also neuritis, with parsBsthesia and loss of reflexes, resembling beriberi, 
which has been found to respond satisfactorily to vitamin Bi therapy. . 

(Edema , — Qeneralissed oedema, specially of the legs, is a frequent accom- 
paniment of sprue, especially in those patients who are responding to 
treatments 

Purpuric ra ^. — Petechial hssmorrhagic rashes, noticeable on the thighs 
and le^ (Fig. 61, p. 445) are undoubtedly a scorbutic phenomenon and 
formerfy occurred in patmts who had been maintained on milk. This rash 
disappeiured i^ter the administration of adequate amounts of vitamin C. 
Smalf subcutaneous hismorrhageS on the hands are common in atropine 
cases of iqprue and probably are scorbutic. 

DermatHis^'^A. dermatitis is a frequent accompaniment of spnie^ 
cspecdidly in elderly people with exkeme anasmia. It generally breaks 
out during convalesoemde and when the patient is respondi^ to tmtment, 
and is mostly seen <m the artus and (diest SometimeB the raA is peliagrous, 
^and the Bmtor has reowled cases of association of this disease' with sprue, 
where improvement occurred on the administration of niootinio acid. 
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Special features oj sprue in women , — Araenorrhcea and menstrual distur- 
bances are extremely frequent in women with advanced sprue. Symptoms 
of sprue become exacerbated during pregnancy. 

Relapses of sprue are unfortunately frequent and form a characteristic 
feature of this mysterious disease. Often they come on suddenly, and quite 
unexpectedly, without any apparent exciting cause. Sometimes, in the 
Editor’s experience, typi^ relapses are observed after an interval of 
twenty years, and in one instance twenty-seven years, of apparently normal 
health in England. 

Latency. — One of the most remarkable features of sprue is latency. 
Thus, it may arise in England in persons who have at some time resided in 
an endemic area of the diWse. Usually, this period is one or two years ; 
sometimes it is longer — seven or eight years ; exceptionally it may be as 
long as twenty-five years. 

Diagnosis. — The tongue, the stools, and the history seem sufficiently 
distinctive to render diagnosis easy. Nevertheless the Editor has known 
cases in which the disease has been diagnosed and treated as syphilis, the 
condition of the mouth being attributed to this disease, and the character 
of the stools and other symptoms ignored. Care must be exercised in 
interpreting the significance of the small area of liver dullness usually 
found in well-marked cases of sprue. This is not due to cirrhosis of the 
liver, but to its wasting, in common with other organs. 

Diflfereiitlal diagnosis. — Codiac disease. (Gee’s coeliac diarrhoea, or the 
Gee-Herter syndrome) occurs frequently in Europe in children under ten, 
and is also se&n in those of European parentage returning from the tropics. 
Coeliac disease is probably congenital and its aatiology is therefore 
different from that of sprue, but the stools are similar in appearance and in 
chemical composition. This disease is associated with diarrhoea and meteor- 
ism, stunted growth, and incomplete sexual development. There is no 
involvement of the tongue and mouth, and the ancemia is not so severe as 
in tropical sprue. Symptoms usually disappear on a fat-free dietary. 
Idiopathic steatmthoea is probably the same process as coeliac disease 
pebisting in adult life, and was regarded by Thaysen in Denmark and 
Northern Europe as ncm-iropical sprue. This is a nutritional disturbance 
amdated with tetany, osteomalacia and aniemia. It is therefore cliarac- 
terised by disturbances of the calcium metabolism and hypochromic 
anasmia. According to Bennett, Hunter and Vaughan, in ** non-tropical 
sprue ” there are often various cutaneous lesions, infantilism, megaoolon, 
fine silky hair, brittleness and ridging pf the nails, clubbed fingers, and a 
flattened type of blood-sugar curve after ingesrion of glucose (wmch is also 
found in tropical sprue). Lens opacities, gross bony deformities, and tetany 
constitute the outward signs of defective caldurn metabolism. The serum 
oalduni is low and there is excessive excretion of fat. Both ecehao disease 
and idiopathic steatorrhesa may be complicated by secondary pellagra. 
An impMant, almost diagnostic, point of differentiation, is that these two 
forms of steat(HEiiiosa do not respond to liver and vitamin tbmpy as does 
trofucal sprue. ^ 

The afanance of skin leskms and mental symptoms differentiates sprue 
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from pellagra. The sprue tongue may be diflftcult to differentiate from that 
of pellagra ; the latter is pointed, and when it is inflamed and painful the 
process is generalized, not confined to certain definite and circumscribed 
areas as in sprue, and angular stomatitis is also often seen. The tongue 
of early pellagra (Plate XVII) is invariably associated with angular 
stomatitis and an atrophic condition of the lips (cheilosis). Atrophy of the 
lingual papill® also occurs in pernicious anaemia and so this may be con- 
fused with sprue. No great difficulty should be experienced in differentiat- 
ing Addison's disease from sprue. Gastro-jejuno-colic fistula may give rise 
to symptoms simulating sprue, but these disappear when appropriate 
surgical measures have been undertaken. 

Giardiasis (see p. 526) may produce light-coloured fatty diarrhoea, and 
may be mistaken for sprue. 

Differentiation of sprue from chronic pancreatitis may present difficulties. 
In the latter condition neutral fats predominate in the fa?ces, the tongue 
and mouth are not involved, and the diastatic reaction of the urine is high. 

The low blood-sugar curve after the intake of 1 grin, of glucose per kilo, 
body weight serves to differentiate spnie from pernicious and allitHi 
anceniias, but a similar curve accompanies idiopathic steatorrhoea and 
cceliac disease. The anaemia of sprue greatly resembles that of pernicious 
amemia, though normoblasts are rare and megaloblasts do not occur. 
High van den Bergh readings are the rule in true pernicious an©mia, 
exceptional in sprue. The differentiation from tropical macrocytic or 
nutritional aneemia cannot easily la* made on blood examination alone, as 
the picture is very similar, lliis an»mia affects pregnant women in the 
tropics, and is not accompanied by diarrhoea. 

(Vrtain cases of tabes niesenierica may, on clinical grounds, resemble 
sprue, and so may disease of the mese^iieric glands, such as l;y'inphosarcoraa 
or lymphadenoma. 

The radiographic findings in sprue . — The Editor found no loss of tone in 
the stomach or intestines in acute incipient cases. The stomach is emptied 
in two hours after the barium meal, the hepatic flexure of the colon is 
reached in three hours, and the intestines are empty in 6~8 hours. In 
subacute cases there is slight loss of tone and vigour of peristalsis in the 
stomach. In chronic cases there is ballooning of the large intestine with 
some delay in the cawjum and colon. The herring-bone pattern in the 
jejunum described by American workers is not invariably observed as it is 
in idiopathic steatorrhcea. 

Prognosis is'good for recent ca^es, provided proper treatment is carried 
out. It is bad for patients over fifty, for longstanding cases, for careless and 
injudicious patients, and for those who cannot or will not take a special 
diet. 

Treatment 

General statement. — The treatment of sprue is mainly a matter of 
bodily rest and careful dieting in ord^ to procure assimilation of the most 
easily absorbable foods. If treatment be undertaken sufficiently early, and 
be woroog^y and intelligently carried out, it is generally successful. 
Should, however, it be undertake too late, when the glands and the 



542 


SPRUE AND HILL DIARRHOSA 


absorbing surface of the alimentary canal have been hopelessly destroyed, 
the case is almost sure to end fatally. In prescribing treatment, therefore, 
the first thing is to get the patient thorougUyconvinc^ of the serious nature 
of his complaint ; for without his hearty and complete co-operation a well- 
established case will not be cured. To be successful, treatment must be 
thorough, sustained and prolonged. All predisposing causes, such as 
uterine or other discharges, s^hilis, and helminthic infections must, of 
course, be removed as far as possible. The sise and weight of the fasces 
^ould be estimated daily by weighing the pan and substracting from the 
total the known weight of the receptacle. The average daily weight of 
normal faeces is from six to eight oimces ; in sprue it is commonly double or 
treble this amount. By keeping a chart of the average daily excretion, 
and by estimating the weight of the food ingested, am estimate may be 
formed of the daily intake and output. 

Nursing of sprue cases is all-important. A great deal rests with the 
nurse ; sprue patients are apt to be unreasonable and refractoiy, so she will 
need to sympathetic and tactful, yet firm. A r^ular routine of feeding 
should be strictly adhered to, both in quantity and ingredients. The sheet 
anchor of treatment in sprue is diet, as ^1 who have written on this disease 
agree. Fats and starches are not well assimilated. 

Diet I. — The Editor is of the opinion that a combination of milk and 
protein meets the needs of most cases. If the tongue is very sore and the 
intestinal symptoms urgent, the patient is fed for the first week on a milk 
dietary and, if this is not easily tolerated, high protein milk — Sprulac 
{see p. 544). Sometimes, however, a mixture of milk and Sprulac may be 
given, or Bengeris and Horlicks. When the intestinal symptoms j^ve 
subsided, other ingredients may be added, as set out in the following tables: 

Table I 

First week. 

Three pints of cow^s milk (or Benger^s Food) daily in 5>oz. feeds at two- 
hour intervals. 

Toasit poBed bread,” msks, with a small quantity of butter. 

Total cateie value, about 1,100 calories. 

Tabxjb II 

Steomdweek, 

Hiree pints milk (or Boil's Food) dally, as in Table 1. 

Busks (Heodeb^*s or Verkade*s ** Groote Besohuit ”) and toast. Sago 
6 OB. ; liver soup, 12 oz. in two feeds of 6 ob. each. ^ 

One B^itly boiled egg. 

Weak tea or sprue tea (Lc. tea infused with milk in place of water) 8 oe. 

Total calorie value, ab^t 1,900 cakuries. 

Table lU 

Third week and dmirhigeomm^^ 

BfeakfaM^’^Tank^ 1 toast (or msks) and weak tea. 

11 a4a^Ha)f a of warm milk, Bfwulao or Beiiger*s Food. 

soii^ It drickmi (mjneed), 8 oa«; spinach, 3 cm 
(iMmBfldNsm, French hea^ sagcorsmoliim 

peddliig, 8 oa« ; iNdmd apple cr Imtiaimi 8 oa« 
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Tea, — ^Toast ; tea ; Madeira cake, sponge cake, digestive biscuits, 3 oz. 

Dinner, — Brain or sweetbread, 4 oz. ; calves’ -foot jelly, 3 oz. ; banana, 
3 oz. ; arrowroot, 8 oz. 

Total calorie value, about 3,900 calories. 

This diet is given during the first week, with various medicinal measures ; 
naturally it can be varied according to the needs and idiosyncrasies of each 
patient. The third table is instituted from the third week onwards and, 
during convalescence, for at least three or four months. It may be varied, 
of course, according to circumstances, and during the fruit season straw- 
berries and raspberries may be added to the regimen. 

In elderly patients those over 46) and where there is a high degree 
of anemia, the addition of raw or underdone, finely shredded beef is of 
advantage. 

Minced beef for Sprue Patients 

8 oz. best beef ; 

1 good teaspoonful of marmite ; 

Pepper and salt ; 

2S tablespoonfiils of water. 

Trim off all fat from the beef. Mince the raw beef finely, putting it twice 
through the mincing machine if necessary. 

Pla^ in double saucepan with marmite, seasoning, and water. Cook over 
boiling water, stirring the ingredients with a fork all the time until the meat has 
turned brown and crurMg — ^roughly 3 minutes. 

Serve on a hot- water {^te. Treated in this manner minced beef is a palatable 
dish. 

Calorie value of 4 oz. is about 188. 

In patients with flatulence and meteorism which are increased by milk, 
this b^f diet may be substituted for one pint of milk. 

Lightly-steamed meat with gravy is advantageous, and should be steamed 
in the following manner : 

Take undercut of beef, 4 oz. Steam with 6 oz. of water for 5 to 7 minutes. 
Add a pinch of salt and serve as thick soup with lemon juice or shoe of tomato. 

The recipe for liver soup is as follows : 

Take half a pound of calves’ liver and cut it into small pieces. Place in a 
double saucepan, add 1 pint of cold water and simmer for 1} hours. Strain 
through a sieve and add 1 pint of bone stock or chicken jelly, and, if necessary, 
flavour with marmite. Add a small quantity of pepper and salt. 

liver soup can be given in soup-platefals of 8 oz. each, and may be taken 
together with nnderd^ meat. 

These methods, followed by carefully selected and increasing mixed diet, 
combined with warmth and rest, are the most successful ways of dealing with 
sprue. Food should never be given unless the patient is hungry. It is a 
great mistake to try to make these patients fat too rapidly, or to stimulate 
the desire for food by encodra^g active exercise. The l^wel is not in a 
condition to deal with large me^. 

Diet 2. SijfhproMn This is especially indicated in elderly 

patients with inadequate anuniktion, hyp<^orhydria and anesmia, 
Alunentary rest hi thm oases is the tiierapeutio ideal and can be attained 
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by feeding with a minimum amount of those food constituents with which 
the small intestine fails to deal adequately. Protein is the chief constituent, 
commencing with a low-calorie value and gradually increasing the quantity, 
while maintaining the high-protein rates. During this treatment five diets 
are ordered, the calorie value of which increases progressively from 770 
in (o) to over 3,000 in (e), and the ratio of protein to fat and carbohydrate 
is maintained at 1 0 : 0*8 : 1 -1. 

(а) (Calorie value 770). 

8 a.m. — ^Underdone beef, 3 oz. ; juice of half an orange and glucose, 2 
drachms. 

12 a.m. — Soup, 4 oz. ; underdone beef, 3 oz. ; rusks, } oz. ; juice of half an 
orange and glucose, 1 drachm. 

6 p.m. — Same as above. 

(б) (Calorie value, 1,200). 

The underdone beef is increased to 5 oz. ; rusks and calve8*>foot jeUy added 
at 4 p.m. Tea, 10 oz. 

(c) . — ^Meals are given firom 6 a.m.-7 p.m., as follows : 6 a.m., 8 a.m., 10 a.m., 

12 a.m., 4 p.m., 7 p.m. The diet is much the same, with the addition 
of 10 oz. of tea with milk; three times daily, two baked apples and calves'- 
foot jelly. 

(d) and (e). — The times are the same, but a greater quantity, up to 7 oz. of under- 

done beef is given twice daily. Bananas, custard and honey are introduced 
into the diet. 

Protein mUk diet, — ^As the result of biochemical investigations, it is now thought 
that flatulence and abdominal discomfort are in the main aggravated by fat in 
cow's milk. Fairley introduced a milk powder which combines the advantages 
of a high protein dietary with the bland properties of milk. This high-protcin 
milk powder, or Spmlac (Cow A Cate Ltd.) is prepared from fresh milk which 
has b^n treated by passage through a gauze and wire filter, subsequently chilled, 
centrifuged to get rid of organic andmorg^mic debris, passed through a mechanical 
mixing apparatus and eventually desiccated at 1^ C. The powder ccmtains 
10-6 per cent, fat ; 34‘0 per cent, protein and 45*0 per cent. lact^. The calorie 
value per ounce is 125 and the ratio of protein, fat and carbohydrate is i *0 : 0*3 ; 
1 *3. Spmlac can begiven in the same manner as milk. One ounce of Spndac is 
made up to 8 oz. with water and given every 2} hours for six feeds. Subsequently 
the amount may be increased ai^ calves* -foot jelly and the juice of two oranges 
added. Sprulac forms an excellent addition to tl^ diet in all stages of sprue. 

Fruit diet. — ^The vahie of finit in the treatment of sprue has long been 
recognized. Manscm was in the habit of {nesoribing bananas and apples in 
sprue ; often with mariced success. Repeated trials of strawberries in sprue 
have to some extent confirmed their value. Bottled fruits, particularly peaches 
and pears, make soitable substitutes if strawberries or bauanas are not obtainable . 
Of tinned fruits the most suitable are Libby's strawberries and blackberries, 
though it is doubtful whether pressed fruit possesses the same virtues as 
fresh. Frerii raspberries and blaeberries are idxest as well tolerated as straw* 
berries. Fresh tomatoes are often beneficial. Hie bael firuit, or Bengal quince 
{ABgk marmdo9% infatidnoed by Fayrer in the treatment of this dissM, seems 
to exort a beneficial effect in those countries (Ceylon and India) where it can 
be proou^ In a fterii state. During recent years it has been imported from the 
East on ice, and ofieied for sde in London. Hie ripe pulp can be scraped out 
of the hard exterior sheD and eaten raw with sugar and cream, or made up 
with gelatin in a jeQy. Hro or three of these fruHs may be given every day. 
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Return to Europe. — ^When sprue develops in the tropics, if feasible the 
patient should be sent to Europe as soon as possible. It is a mistake, 
however, to ship an invalid if the disease is active, or the end manifestly 
not far off. Diarrhoea should not be active when the patient is put on 
board ship. In every case provision should be made for continuation of 
the dietetic regimen and a supply of milk on board should be assured. 

Cloihing and general management — Sprue patients returning to Europe 
ought to be especially careful in their clothing, and they ought to get out 
their warm clothes before the ship leaves the tropics. If they return during 
the winter, they should arrange to remain in the south of Europe until 
late spring. Next to an unsuitable dietary, perhaps cold is the most 
prejudicial influence to which a sprue case can be exposed. A sprue patient 
ought never to feel cold ; he ought always to wear thick flannels, thick 
stockings, and, when up and about, thick boots. In winter a chamois- 
leather sleeved waistcoat is of great service. His rooms ought to be wann^ 
He ought to eat very sparingly. He ought .never to be fatigued ; he ought 
to go to bed early and rise late ; in fact, he ought to do everything in his 
power to avoid irritating the bowel, to guard against chill, physiological 
depression, and copious eating. 

During the summer England is suitable enough as a residence ; but 
during the cold winter and spring months some milder, drier and more 
sunny climate must be sought. 

Sore tongue and mouth. — A great deal can be done to ameliorate the 
soreness and the dysphagia caused by ulceration of the tongue and mouth. 
The mouth should be kept very clean and washed out after each feed 
with a bland mouth- wash such as potassium chlorate, 1 drachm to the 
pint of hot water, but if the mouth is very painful, cocaine, 2 gr. to the 
ounce of glycerin and borax, bnished on to the tongue lightly before eating, 
will deaden sensibility. In certain cases where the saliva is very acid, as 
it generally is when the tongue is very raw, an alkaline mouth- wash should 
be used as follows : 

Sod. bicarb. ...... gr.x (0*648 grm.) 

Sod. biborate ..... gr.x (0*648 grm.) 

Rose-water ...... Jlv (113*6 c.c.) 

Diluted with water according to taste. 

An efficient preparation for healing mouth lesions is an acriflavine dye, 
Glauramine (B.D.H.), of which the mouth-wash is made up of one tea- 
spoonful (one drachm) to eight ounces of warm water. It temporarily 
stains the mouth and lips yellow. In some cases, especially where there is 
much sepsis, hydrogen-peroxide mouth- wash is useful. These measilres 
should be combined with nicotinic acid and riboflavin, therapy, which 
undoubtedly help. 

Specific ^eaiment mih vitamins. — In acute, as well as in chronic cases, 
the Editor has recorded success with nicotinic acid and riboflavin. Symp- 
toms resolve in shorter time and the treatment is considerably curtailed. 

Nicotinic acid is given in tablets (50mgm,)in doses of 160-800 mgm. daily 
for three weeks or longer, reinforced, whenever glossitis and angular 
are acute, wiSh ribojUmn, 8 mgm. The immediate effects are 
in the subsidence of glossitis and rapid return of the taste-sense. 

38 
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Abolition of these disagreeable phenomena exerts a profound influence 
on digestion and assimilation. Sometimes nicotinic acid produces a kind 
of histamine effect^ with flushing of the face and throbbing of the arteries, 
but this soon passes off. This treatment also influences intestinal mani- 
festations, but it is necessary that the diarrhoea should first be brought 
under control by rest in bed and suitable dietary and other measures. 
The most gratifying result is the abatement of flatulence and meteorisra, 
which are usually so distressing and so persistent. It is probably wise to 
continue with nicotinic acid, in reservoir doses (60 mgm.), for three months 
or longer during convalescence. 

In cases with marked hypochlorhydria the administration of hydrochloric 
acid is essential. A mixture containing 20 mm. of the dilute acid should be 
given before each main meal, 

DiarrhcBa, — The diarrhoea of sprue yields to dietetic treatment but, if 
excessive, the best method is to administer a small quantity of castor oil in 
teaspoonful doses, after which Batavia powder in the same quantity should 
be given, suspended in milk or water. If nocturnal diarrhoea is very 
severe, ddorodyne (10-15 min.) is often successful. 

Batavia powder is a modification of “ Peter Sys ” specific (Shanghai) which was 
originally u^ by Manson and CantUe in China. It is cuttle-fish bone combined 
with an iron compound. In some cases of diarrhoea during convalescence, 
it is advantageous to give it in wafer cachets, 15 gr., four times daily. 

For less obstinate diarrhoea, Crooke's CoUosol Lacto-Kaoiin, in doses of one 
drachm daily, is recommended, while on occasions a bismuth and magnesia 
mixture (bism. oxycarb. 15 gr., mag. carb. pond. 15 gr. with sp. chlorof. et 
morph. CO.) may be more suitable. 

Anemia, — No advance in the treatment of extreme casf^s of sprue has 
been so remarkable as blood-transfusion in patients in whom the ancemia 
resembles advanced pernicious aniemia. Some cases with a red cell count 
of 500,000 red cells to the c.mm. have recovered. Special precautions as 
regards blood groupings must be taken, and 800-400 c.c. of citrated blood 
injected intravenously. Sometimes two or three transfusions at weekly 
intervals are necessary. The modem drip-transfusion method is preferable. 

The beneficial effects of liver soup in sprue have betui noted since the 
early days of Manson and van der Burg. Since the discoveries of Minot 
and Murphy in 1926 it has been customary to reinforce soup by more 
potent liver extracts. The best are those of Eli Lilly, Parke Davis, and 
Oxo (Liveroid), but large quantities are required, and they are expensive. 
An important advance is intramuscular injection. In the Editor*s hands. 
CampoUm {Bnjex), HepeUex, Pltxan md Examen have been most efficient. 
In g^ve cases 4 e.c. is injected daily ior six injections, but usually a series 
of 12 injections of 2 c.e« slices. Thev should be made deep subcutaneously 
into the buttock, and are usually followed on the ninth or tenth day by a 
rise in the reticulocyte count, ^e first injeciioDB may be rather painful, 
but this gradually works off as more are given. Sometimes the f^dition 
of iron is of advantage, especially in cases without m^galocytie blood 
changes. It may be given in the form of ferrous sulphate tablets (Glaxo) 
three times daily, or of hamaHnic pkuhdes (Wyeth). 

Flatuhuce and nisUorism^ — ^In cases with extreme distension injection 
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of pituitary extract, especially 'pitressin (J-1 c.c.), is followed by passage 
of flatus and instant relief. Tablets of salol (10 gr.) and charcoal biscuits, 
or Charkaolin (Allen and Hanbury) in teaspoonful doses, are useful. 

Constipation, — The constipation followmg the acute phase of sprue may 
be diflBcult to overcome. Often hard scybalas form in the sigmoid colon and 
become impacted. The best aperient is castor oil. In extreme cases it may 
be necessary to give an enema of warm olive oil (10 oz.) and subsequently 
to remove the scybalae from the rectum by the finger. As a general 
aperient, petrolagar {red label) or agarol is preferable to liquid paraffe. 

Anal excoriaiion and irrUaiion is sometimes a distressing feature, and 
may be relieved by the following ointment : 

Orthoform 40 gr. 

Zinc oxide 120 gr. 

Starch 120 gr. 

Paraffin ad 1 oz. 

Tetany and cramps, — The treatment of these symptoms, which are due 
to calcium deficiency, is by administration of calcium by the mouth in 
doses of 10 gr. thr(*e times daily, and in extreme cases by intravenous 
injf3ctidn of salts, such as calcium gluconate (Sandoz) 10 c.c. or more. 

To increase assimilation in atrophic cases, — Glucose, 2 oz. daily, should 
h(‘ added to the dietary throughout ; and to increase assimilation when 
intestinal atrophy is a feature, insndin, 2-6 units, injected twice daily, 
may often be followed by an mcrease of the appc^tite and a corresponding 
aptitude for absorption. 

Anorexia and vitamin deficiency. — The loss of appetite and taste 

in severe cases of sprue is a difficulty, but usually improves gradually 
when the patient is put to bed. It has been found that vitamin 
(aneurin) increases the desire for food ; it may be injected, in doses of 25 
mgm. daily, with advantage. It is curative also in cases presenting neuritic 
symptoms with loss of deep reflexes. 

Hcemorrhages and scorbutic sijfnptoms, — The Editor has treated tw’o 
cases of puri)uric rash restunbling scurvy. This complication calls for 
vitamin C, either as ascorbic acid or as orange juice. 

Additional methods of treatment. — Massage and passive move- 
ments are of benefit, espi^cially in men wdio have been accustomed to 
exercise. Massage of the arms and legs should be instituted at once, but 
the abdomen should be left until the more urgent symptoms have sub- 
sided, wheq in constipated cases abdominal massage is of distinct value. 

Heliotherapy and ultra-violet light radiations applied to chest and 
abdomen are very stimulating during convalescence in atonic and de- 
bilitated cases. 

Convalescence. — Sprue patients, if possible, ought not to return to the 
tropics. Young adults often recover completely, but the danger of relapse 
is greatly enhanced in those over 60 if they return to the tropics, especially 
India. If compelled by circumstances to do so, they must exercise the 
utmost care for their health, and avoid exposure, cold baths, and all 
excesses ; purge gently, and go on simple diet on the slightest sign of 
relapse. AJcohol, especially strong spirits, is strictly contra-indicated for 
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at least three months from the time of appa^nt recovery ; light French 
wine may then be permitted. 

Appended, as a guide for convalescent cases of sprue, is a diet table, 
which should be continued as long as possible. 

Suggested Diet far Convalescent Cases of Sprue 


Breakfast. 

Well-boiled porridge (Quaker oats) or 
gruel. Sour milk (yogbourt). 

Lightly boiled egg. 

Toast, rusks or biscuits 

Cocoa, weak tea,' or chocolate made 
with milk. 

Butter in small quantities with toast 
or rusks. j 

o.w. j 

Warm milk or Sprulac, half a pint. ; 


dear liver soup, or chicken broth. j 

Chicken, preferably minced, boiled; 
or roast. 

Underdone minced beef. 

Spinach, vegetable marrow, young 
peas, cauliflower, or French beans. 
Milk puddings ; sago, semolina. 
Baked apple or banana. 

Tea. 

Weak tea. 

Toast. 

Wafers, water or Marie biscuits. 
Madeira cake. Sponge fingers. 

(Dinner shenM be ike lightest 
meat of the day.) 


Dinner (7 p,m.). 

Brains. 

Sweetbread. 

Fruit or calves-foot jeUy. 

Arrowroot. 

Fruits permitted. 

Strawberries, commencing with 
maximum, 3 lb. 

Raspberries, blackberries (as above). 
Hot-house grapes. 

Fruit jellies. 

Bael f^t, bananas, oranges, papaya, 
tomatoes. 

Ripe pears. 

Articles of diet to be avoided. 

Salmon, trout, mackerel, herrings. 
Cheese. 

Fresh bread. 

Jams, especially marmalade. 

Grease or fat. 

Suet puddings. 

Nuts. 

Cakes with raisins. 

Baked or fried potatoes. 

Pastry. 

Alcoholic drinks, especially spirits, 
gin, brandy and whisky. 

^neral waters. 


Trratment of complications. — (Careful search should be made for any 
co*^xi8tmg infection from which the patient may be suffering. Malaria, 
especially benign tertian, and, more important stiU, syphilis, may prejudice 
recovery. Sprue patients with syphiRs tolerate antisyphilitic treatment 
well and their general condition is benefited. Sprue may be complicated 
by amoebic dy^ntery, and in such cases vigorous treatment with emetine 
and emetine-bismuth'iodine may be necessary before any improvement in 
the general condition is not^. Acute appendicitis quite commonly 
complicates sprue and may necessitate operation, with the result that the 
underlying sprue is improved. Sometimes acute lobwr pneumonia mav 
supervene, and it has been noted that the sprue symptoms have been muon 
improved after recovery. 

Oral sepsis , — Carious teeth and pyorrhoea must be attended to after the 
subsidence of acute symptoms, but care should exercised; it is a 
mistake to advocate too rapid extraction, as this is apt to provoke relapse* 

* sprat t«ft it btit iDiidt wltli boOlRfir mitt In pitct of wtttr. 
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HILL DIAKBHCEA 

Definition. — A form of morning diarrhoea accompanied by flatulent dyspepsia 
and the passage of copious liquid, pale, frothy stools. It occurs principally in 
Europeans on visiting the hills after residing for some time in the hot lowlands of 
tropical countries. Hill diarrhoea is a frequent precursor of the fully developed 
disease — sprue. 

Geographical and seasonal distribution. — Crombie, who gave an 
excellent account of this disease in India, pointed out that a similar affection 
may show itself in the highlands of Europe, Africa, and possibly South 
America. Steen described a similar diarrhoea in Java, where it is known as 

Bandoeng sprue.” There is no reason, therefore, to suppose that hill 
diarrhoea is peculiar to India, although, owing to the large European population 
frequenting the hill sanatoria in that country, it has been peuticularly noticed 
there. An elevation of 6,000 feet or over, when combined with an atmosphere 
saturated with water vapour, is particularly favourable to its development. In 
India it is found to begin and end with the rains, during which, in certain years 
and places, it is apt to assume almost epidemic characters. Thus, during the 
wet season of 1 880, in Simla, an epidemic of hill diarrhoea affected firam 60 to 75 
per cent, of the European population, three-fourths of the cases appearing 
within a week of each other. In some years hill diarrhoea is less prevalent 
than in others ; but at the proper season few of the various hill sanatoria of India 
are without cases. 

Etiology and pathology. — It is difficult to say what may be the precise 
factors determining this disease. Low barometric pressure associated with 
great elevation above the sea-level may be a favouring circumstance. Damp 
seems to be indicated by the fact that the disease occurs principally during the 
rains. Chill after exposure to the high temperature of the plains has possibly an 
important share, but hill diarrhma is certainly something more than an in- 
testinal catarrh. There are no adequate grounds for connecting it with either 
the water or the food supply, though at one time Duncan advanced the hypothesis 
that mica in the drinking-water caused irritation of the intestinal mucosa. There 
is little doubt that it is in some way connected with sprue. Steen in Java 
suggested suprarenal insufficiency as the primary cause, but his views have not 
received much support. 

Symptoms. — Without very obvious cause, the patient, who in other respects 
may be in good health, soon after arrival at a hill sanatorium becomes subject 
to a daily recurring diarrhcea, the looseness coming on regularly every morning 
some time between 3 and 6 o’clock. The calls to stool are apt to be sudden and 
imperative. The motions passed are remarkably copious ; very watery in some 
instances, pasty in others. They are pale, frothy, and like recently stirrod white- 
wash, BO devoid are they of biliary colouring matter. Their passage is attended 
with little or no pain, often with a sense of relief. From one to h^ a dozen or 
more such stools may be voided before 1 1 a.m. After that hour — at all events, 
in ordinary cases — ^the diarrhcea is in abeyance for the rest of the day, and the 
patient may then go about his duties or pleasures without fear of inconvenience. 

The distinotive features of this form of diarrhoea are, therefore, the regidarity 
of its reourrenoe every morning and its cessation after a certain hour in the 
forenoon ; the absence of colour in the stools ; and the attendant flatulence. 
The abdomrai is sometimes blown out like a drum, the patient being conscious of 
unpleasant borborygmi associated with a feeling as if some boiling or chemical 
opcnration were proceeding in his inside. Occasionally the stools are very pale 
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although there is no diarrhoea. A certain proportion of patients in whom 
symptoms persist develop the clinical picture of sprue. 

Treatment. — ^The treatment recommended by Crombie, and endorsed by 
other medical men of experience in India, consists of a strict milk diet, rest, 
warm clothing, a teaspoonful of liquor hydrargyri perchloridi in water about 
fifteen minutes after food, and 12 gr. of pepsin, or a corresponding quantity of 
lactopeptin, two hours later. If, in spite of treatment, the disease persists, 
tl» patient must return to the low country. 



CHAPTER XXX 


INFANTILE CIRRHOSIS OF THE LIVER 

A SPKCIAL type of liver cirrhosis in Indian children was first described by Sen 
(1887). The disease appears to be peculiar to India, though a few similar cases 
have been reported from Mexico and North China. Cirrhosis of the liver of 
unknown eetiology is widespread in young adults in the tropics, especially in the 
East Indies (see p. 31). 

This disease is prevalent in Hindu children. In Calcutta, from 1891 to 1893 
inclusive, infantile biliary cirrhosis — the name given to the disease — caused 1,748 
deaths. Although the Hindu and Mohammedan populations of that city are 
about equal, as many as l,fil6 of the deaths occurred in Hindus, whilst only 80 
occurred among Mohammedans, the balance of the mortality being among the 
Eurasians and other races. The disease occurs principally in children under one 
year, rarely attacking those over three years. Rao (1941) stated definitely that 
it most commonly occurs in children between the ages of six and twenty-four 
months, that it is not found in Moslems or Europeans, and that it occurs 
chiefly in vegetarian families. As a rule, it begins during dentition, or about the 
seventh or eighth month, running a fatal course in from three to eight months. 
In rare cases it may commence within a few days of birth. Instead of lasting 
several months, its progress may be much more rapid, and terminate in death 
in from two to three weeks. In India it is common in Bengal, Madras, Bombay 
Presidency, and the United Provinces ; it is more prevalent in rural districts than 
in towns. 

Etiology. — The cause of infantile cirrhosis is unkno^im. Neither alcohol, 
syphilis, nor malaria has anything to do with it. The children of the well-to-do 
are relatively more frequently attacked than those of the poor. It tends to run 
in families, child after child of the same parents succumbing within a year or two 
of birth. Mukerji remarked that the direase is especially apt to occur in grossly 
overfed and pampered children in Bengal, and has adduct evidence that the 
virus is probably conveyed by the mother's milk to the child. Green- Armytage 
liclieved the true aetiology to be a deficiency of vitamins in the mother's diet, 
thus depressing the mammary secretion and the endocrine system of the foetus, 
in overfeeding of the child when bom, and insufficient feeding of milch animals. 
Kao, who isolated Bact, coli from the liver and ascitic fluid, believed that the 
essential factors are cow's milk and the toxins of Bact. colt. In favour of this 
hypothesis, he found that the substitution of modem infant mUk foods for 
cow's milk prevents the occurrence of further cases in cirrhosis families. One 
critical instance is cited of mixed twins in which the female on cow’s milk de- 
veloped cirrhosis, whilst the breast-fed male escaped. 

Pathology. — Gibbons gave an elaborate and most careful account of the 
pathological anatomy of this disease ; he concluded that it is a peculiar form of 
biliary cirrhosis, the consequence of the action on the liver-cells of some irritant 
of gastric origin, which leads to degeneration of the cells in the first instance, with 
subsequent increase of intercellular connective tissue and, later, of the poHal 
sheaths. The formation of new bilo-dut4» between the hepatic cells, which is a 
welbmarked feature, ho regarded as evidence of a natural curative effort, having 
for its object a regeneration of the liver-cells. Green -Armytage cAlled the disease 
intercellular hepatic cirrhosis. K. Rao (1935) contributed the most profound 
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at least three months from the time of apparent recovery ; light French 
wine may then be permitted. 

Appended, as a guide for convalescent cases of sprue, is a diet table, 
which should be continued as long as possible. 

Suggested Diet for Convalescent Cases of Sprue 


Breakfast. 

Well-boiJed porridge (Quaker oats) or 
gruel. Sour milk (yoghourt). 

Lightly boiled egg. 

Toast, rusks or biscuits 

Cocoa, weak tea,^ or chocolate made 
with milk. 

Butter in small quantities with toast 
or rusks. 

] a.m. 

Warm milk or Sprulac, half a pint. 


Clear liver soup, or chicken broth. 
Chicken, preferably minced, boiledj 
or roast. 

Underdone minced beef. 

Spinach, vegetable marrow, young| 
peas, cauliflower, or French beans. 
Milk paddings ; sago, semolina. 
Baked apple or banana. 

Tea. 

Weadc tea. 

Toast. 

Wafers, water or Marie biscuits. 
Madeira cake. Sponge fingers. 

(Dinner should be the lightest 
meal of the day.) 


Dinner (7 p,m,). 

Brains. 

Sweetbread. 

Fruit or calves-foot jelly. 

Arrowroot. 

Fruits permitted. 

Strawberries, commencing with ^Ib.; 
{ maximum, 3 lb. 
j Raspberries, blackberries (as above). 

Hot-house grapes, 
j Fruit jellies. 

Bael f^t, bananas, oranges, papaya, 
tomatoes. 

Articles of diet to he avoided. 

Salmon, trout, mackerel, herrings. 
Cheese. 

Fresh bread. 

Jams, especially marmalade. 

Grease or fat. 

Suet puddings. 

Nuts. 

Cakes with raisins. 

Baked or fried potatoes. 

Pastry. 

Alcoholic drinks, especially spirits, 
gin, brandy and whisky. 

Mineral waters. 


Treatment of complications. — Oarefol search should be made for any 
co-existiDg infection from which the patient may be suffering. Malaria, 
especially benign tertian, and, more important still, syphilis, may prejudice 
recovery. Sprue patients with syphihs tolerate antisyphilitic treatment 
well and their general condition is benefited. Sprue may be complicated 
by amoebic dysentery, and in such cases vigorous treatment with emetine 
emetine-bismuth-iodine may be necessary before any improvement in 
the general condition is noted. Acute appendicitis quite commonly 
complicates sprue and may necessitate operation, with the result that the 
underiying sprue is improved. Sometimes acute lobar pneumonia may 
supervene, and it has be^ noted that the sprue symptoms have been much 
improved after reooveiy. 

Oral sepsis . — Carious teeth and pyorrhoea must be attended to after the 
subsidence of acute ^rmptoms, but care should |>e exercised; it is a 
mistake to advocate t<m rapid extraction, as this is apt to provoke relapse. 

' S|mi« tm a Imi ni^de witb boding milk in place of water. 
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HILL DIAREHfflA 

Definition. — A form of morning diarrhoea accompanied by flatulent dyspepisia 
and the passage of copious liquid, pale, frothy stools. It occurs principally in 
Europeans on visiting the hills after residing for some time in the hot lowlands of 
tropical countries. Hill diarrhoea is a frequent precursor of the fuUy develoi)ed 
disease — sprue. 

Geographical and seasonal distribution. — Crombie, who gave an 
excellent account of this disease in India, pointed out that a similar affection 
may show itself in the highlands of Europe, Africa, and possibly South 
America. Steen described a similar diarrhoea in Java, where it is known as 
“ Bandoeng sprue.” There is no reason, therefore, to suppose that hill 
diarrhoea is peculiar to India, although, owing to the large European population 
frequenting the hill sanatoria in that country, it has been particularly noticed 
there. An elevation of 6,000 feet or over, when combined with an atmosphere 
saturated with water vapour, is particularly favourable to its development. In 
India it is found to begin and end with the rains, during which, in certain years 
and places, it is apt to assume almost epidemic characters. Thus, during the 
wet season of 1880, in Simla, an epidemic of hill diarrhoea affected from 50 to 75 
per cent, of the European population, three-fourths of the cases appearing 
within a week of each other. In some years hill diarrhoea is less prevalent 
than in others ; but at the proper season few of the various hill sanatoria of India 
are without cases. 

Etiology and pathology. — It is difficult to say what may be the precise 
factors determining this disease. Low barometric pressure associated with 
great elevation above the sea-level may be a favouring circumstance. Damp 
seems to be indicated by the fact that the disease occurs principally during the 
rains. Chill after exposure to the high temperature of the plains has possibly an 
important share, but hill diarrhoea is certainly something more than an in- 
testinal catarrh. There are no adequate grounds for connecting it with either 
the water or the food supply, though at one time Duncan advanced the hypothesis 
that mica in the drinking-water caused irritation of the intestinal mucosa. There 
is little doubt that it is in some way connected with sprue. Steen in Java 
suggested suprarenal insufficiency as the primary cause, but his views have not 
received much support. 

Symptoms. — Without very obvious cause, the patient, who in other respects 
may be in good health, soon after arrival at a hOl sanatorium becomes subject 
to a daily recurring diarrhoea, the looseness coming on regularly every morning 
some time between 3 and 5 o^clock. The calls to stool are apt to be sudden and 
imperative. The motions passed are remarkably copious ; very watery in some 
instances, pasty in others. They are pale, frothy, and like recently stirred white- 
wash, so devoid are they of biliary cedouring matter. Their passage is attended 
with little or no pain, often with a sense of relief. From one to h^ a dozen or 
more such stools may be voided before 11 a.m. After that hour — at all events, 
in ordinary cases — the diarrheea is in abeyance for the rest of the day, and the 
patient may then go about his duties or pleasures without fear of inconvenience. 

The distffictive features of this form of diarrhoea are, therefore, the regularity 
of its recurrence every morning and its cessation afto a certain hour in the 
forenoon ; the absence of colour in the stools ; and the attendant flatulence. 
The aJbdomen is sometimes blown out like a drum, the patient being conscious of 
unpleasant borborygmi associated with a feeling as if some boiling or chemical 
operation were pro^eding m his inside. Occasionally the stools are very pale 
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although there is no diarrhoea. A certain proportion of patients in whom 
symptoms persist develop the clinical picture of sprue. 

Treatment. — ^The treatment recommended by Crombie, and endorsed by 
other medical men of experience in India, consists of a strict milk diet, rest, 
warm clothing, a teaspoonful of liquor hydrargyri perchloridi in water about 
fifteen minutes after food, and 12 gr. of pepsin, or a corresponding quantity of 
lactopeptin, two hours later. If, in spite of treatment, the disease persists, 
the patient must return to the low country. 



CHAPTER XXX 


INFANTILE CIRRHOSIS OF THE LIVER 


A SPKOIAL type of liver cirrhosis in Indian children was first described by Sen 
(1887). The disease appears to be peculiar to India, though a few similar cases 
have been reported from Mexico and North China. Cirrhosis of the liver of 
unknown aetiology is widespread in young adults in the tropics, especially in the 
East Indies (see p. 31). 

This disease is prevalent in Hindu chUdren. In Calcutta, firom 1891 to 1893 
inclusive, infantile biliary cirrhosis— the name given to the disease — caused 1,748 
deaths. Although the Hindu and Mohammedan populations of that city are 
about equal, as many as 1,616 of the deaths occurred in Hindus, whilst only 80 
occurred among Mohammedans, the balance of the mortality being among the 
Eurasians and other races. The disease occurs principally in children under one 
year, rarely attacking those over three years. Rao (1941) stated definitely that 
it most commonly occurs in children between the ages of six and twenty-four 
months, that it is not found in Moslems or Europeans, and that it occurs 
chiefly in vegetarian families. As a rule, it begins during dentition, or about the 
seventh or eighth month, running a fatal course in from three to eight months. 
In rare cases it may commence within a few' days of birth. Instead of lasting 
several months, its progress may he much more rapid, and terminate in death 
in from two to three weeks. In India it is common in Bengal, Madras, Bombay 
Presidency, and the United Provinces ; it is more prevalent in rural districts than 
in towns. 

Etiology. — The cause of infantile cirrhosis is unknowm. Neither alcohol, 
syphilis, nor malaria has anything to do with it. The children of the well-to-do 
are relatively more frequently attacked than those of the poor. It tends to run 
in families, child after child of the same parents succumbing within a year or two 
of birth. Mukerji remarked that the disease is especially apt to occur in grossly 
overfed and pampered children in Bengal, and has adduct evidence that the 
virus is probably conveyed by the mother’s milk to the child. Green-Armytage 
l>elieved the true letiology to he a deficiency of vitamins in the mother’s diet, 
thus depressing the mammary secretion and the endocrine system of the foetus, 
in overfeeding of the child when bom, and insufficient feeding of milch animals. 
Rao, who isolated liact. coli from the liver and ascitic fluid, believed that the 
essential factors are cowl’s milk and the toxins of Bctct, coli. In favour of this 
hypothesis, he found that the substitution of modern infant milk foods for 
cow’s milk prevents the occurrent^ of further cases in cirrho^ families. One 
critical instance is cited of mixed tw’ins in which the female on cow’s milk de- 
veloped cirrhosis, whilst the breast-f(Bd male e8oa))ed. 

Pathology* — Gibbons gave an elaborate and most careful account of the 
pathological anatomy of this disease ; he concluded that it is a peculiar form of 
biliary cirrhosis, the consequence of the action on the liver-cells of some irritant 
of gastric origin, which leads to degener^ttion of the liells in the first instance, with 
subsequ^t increase of intercellular connective tissue and, later, of the portal 
sheaths. The formation of new bile-duets between the hepatic cells, which is a 
well-marked feature, he regarded as evidence of a natural curative effort, having 
for its object a regeneration of the liver-cells. Green- Armytage cilled the disease 
interoellular hepatic cirrhosis. K. Rao (1935) contributed the most profound 
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study up to date by the application of the silver impregnation meihod. He 
conclude that the disease is a subacute iaxic cirrhosis indistinguishable firom 
Lsennec's cirrhosis. He emphasized the varying degrees of necrosis of the liver 
cells, the avascular oedematous connective-tissue network, and the obliterative 
lesions of the terminal and some of the bigger divisions of the hepatic venous 
tree without apipreciable changes in the por^ and biliary trees. There is also a 
poor attempt at regeneration of the hepatic parenchyma. 

Symptoms. — Commencing insidiously, the characteristic initial enlargement of 
the liver may have made considerable progress before the disease is suspected. 
In the course of one or two months the liver has enlarged to the iliac crest. It is 

smooth and hard, and in some 



5#. — Advanced case oQ ciirbosis of the liver 
wttli asdtes and cedema of the bands and feet, 
but no Jaundice. (After Rao.) 


oases also the spleen is hyper* 
trophied. Nausea, occasional 
vomiting, sallowness, feverish- 
ness, constipation, anorexia, 
irritability of temper, thirst, 
and languor call attention to 
the child*s condition. Fever 
of a low t 3 ;T>e sets in ; the 
sallowness deepens into pro- 
found jaundice ; the stools are 
clay-coloured, the urine is dark 
with bile, and there may be a 
terminal ascites, with puffiness 
of the feet and hands. (Fig. 
80.) The skin may be bronz^ 
almost as deeply as in Addi- 
son’s disease. In five months 
from the onset, ascites and 
cedema ofhands, feet and eye- 
lids appear, and in the terminal 
stages (8~10 months) gastro- 
intestinal hemorrhages are 
found. Sooner or later, death 
from oholiemia ensues. The 
leucocyte count varies from 
14,000 to 50,000 in the termi- 
nal stages, the increase being 
due to lymphocytes. The 
accompanying ansemia is 
microcytic. 

Treatment.— According to 
Green-Armytage, when oases 
. are seen early and parents are 


given the necessary instmo* 
tion, recovery takes place in ^ to ten weeks. Whenever possible, in a family 
in which several cases of this disease have already occurred, the latest baby 
should be immediately removed from the mother and artificially nursed. 


Prophylaxis. — The mother must be fed properly in the antenatal and nursing 
pmiods. When weaning begins, the child should be fed on specially prepared 
infant foods, and 2-3 oz. of fr!^ fruit should be given dally ; looked salt (iodosol) 
should be added to all food, as vegetabks in Bengal are diffident in salts. 


Section IV.-INFECnVE GRANULOMATOUS 
DISEASES 

CHAPTER XXXI 

LEPROSY 

Definition. — A chronic infective granulomatous disease produced by the 
leprosy bacillus, characterized by lesions of skin, nerves and viscera, 
ending in local anaesthesia, ulceration and trophic lesions. After a prolonged 
course it is usually fatal. 

History . — ^The ancient history of leprosy is wrapped in the mists of time. It 
has been thought by some that the Egyptian records of 1350 b.c., in the reign of 
Rameses II, refer to this diaeaae, although RUffer found no evidence of leprotic 
mutilation in thousands of mummies he examined. In the same way, the writings 
of Confucius in China may possibly refer to leprosy, but is it certain that the 
Biblical accounts really concern the disease as we know it to-day ? When leprosy 
reached Greece it was first known as elephantiasis, but Aristotle in 345 B.c. 
clearly described its malign signs and symptoms. History relates that it was 
unknown in Italy until the return of Pompey’s legions from the East in 62 b.c. 
Galen wrote of the disease in Germany in a.d. 180. Spain became contaminated 
by Roman troops in the fifth and sixth centuries, and by the ninth and tenth 
it was common in France. Thereafter, there is some mention of the disease in 
England, leading to the establishment of the first leper hospital in Nottingham in 
A.D. 625. In due course it appeared in Wales, Scotland, the Shetlands, Faroe, 
Iceland and Greenland but, probably, while it was most prevalent in Western 
Europe in the Middle Ages, it began to decline during the fourteenth and fifteenth 
centuries. It was endemic in Ireland up to 1775, and the last British leper died 
in Shetland in 1798. At present it still simmers in the Iberian Peninsula, Norway, 
the Baltic Provinces, Southern Russia and Turkey. With the discovery of the 
West Indies and the American Continent, leprosy spread to the Western Hemi- 
sphere, where it was previously unknown, and for this the nefarious influence 
of the slave trade must be held primarily responsible. 

This sorry tale, however, pales in contrast with the rapidity of its extension 
in the Pacific during the latter part of the nineteenth century. Introduced by 
Chinese into Hawaii in 1848, it spread like wildfire. The most serious outbreak 
was in New Caledonia, where it was introduced in 1863, and two years later 
one-quarter of the population had been attacked. 

Epidemiology. — ^Various estimates have been made of the total number 
of lepers in the world. From official figures, admittedly incomplete, they 
number about 2,600,000, but this is undoubtedly an underestimate, and 
the true figure is probably about four to five millions. The most striking 
fact brought out by Bogers and Muir, in their study of climatic factors, is 
that every country with a high rate of incidence (5 per mille and over) is 
in the tropics and possesses high annual rainfall and a considerable degree 
of humidity. The state of civilization and culture amongst these coloured 
peoples is low, and they live in small overcrowded houses under conditions 
of semi^civiUziation favourable to the spread of this disease. 

The highest incidence is found in tropical Africa. The estimated rates 
per mille of population ar© 20 in Belgian Congo ; 16 in French Equatorial 
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Africa, and 5-10 in the British West and Central African colonies. In 
tropic^ Asia and Oceania a high rate of prevalence occurs, vrith rates 
vaiying from 2-22 per mille (New Caledonia and the Marquesas). In the 
Western Hemisphere the incidence varies from 1 in the West Indies to 
8*75 in Colombia, Venezuela and Brazil. The world-wide relation between 
rainfall and leprosy incidence is seen in the noteworthy fact that leprosy 
is almost completely absent from those parts of the tropics with a rainfall 
of less than 10 inches per annum. 

In temperate climates and in North Europe the rate appears to be nowhere 
over 1 per mille with the exception of parts of India, China and the Southern 
portion of Japan, in areas with a comparatively high rainfall. The explana- 
tion of these basic facts appears to be that dry heat is inimical to the 
survival of the lepra bacillus outside the human body. According to 
Bogers and Muir, ^e evidence of accumulated data favours the view that 
the organism generally invades the body through the skin. 

Bogers has furthermore suggested that mild tuberculization of a com- 
munity producing an exalted immunity to the tubercle bacillus also affords 
some protection to leprotic invasion, though the reverse is certainly not the 
case, as it is common knowledge that lepers often succumb to pulmonary 
tuberculosis. 

Predisposing factors. — The most important factors influencing the 
prevalence of leprosy are a low stage of civilization and accompanying 
grave hygienic defects. This was shown by the disappearance of leprosy 
from amongst a number of infected Norwegian immigrants into the United 
States when leprosy died out as a result of the greatly improved hygienic 
conditions under which they lived. It has become clear, moreover, that 
there is little or no tendency in leprosy to spread at the present day under 
favourable hygienic conditions in temperate climates. Defective housing 
and overcrowding furnish favourable conditions for its spread, and in 
the main endemic areas the poorer inhabitants live in close proximity 
to one another. One fact that has been brought out strongly in the 
Hawaii reports Is the effect of irregular sexual relationship with native 
women, and in the Marquesas Islands epidemic leprosy was spread by the 
prevailing promiscuity. Sociability, too, has b^n found to favour its 
spread ; thus, in Norway Hansen recorded that formerly it was considered 
impolite to repose to sleep in the same bed as a leper, lif he was not in an 
advanced and noticeable stage of the disease. The habit so prevalent in 
the Pacific Islands of smold^ communal pipes and of eating out of the 
same di^ naturally also favours infection. I^hmkce of fear of the disease, 
as in native tribes of Central Africa mid in the Pacific, and their objection 
to isolation of lepers naturally encourage direct contagion. 

Diet is said to pre^pose to leprotic infection, especially the edible 
yam root— colocasia— in the Pacific Islands. 

Epidemic diseases, such as typhus or plague, attoided by a hig^ general 
mortality, have in the past resulted in great, though temporary, decrease 
in prevalence of leprosy. 

— ^3%e univmaal and ancient conviction of the infectious nature 
of leproqr is accepted everywhere, but during tbq nineteenth century there 
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existed a deep-rooted belief in the almost exclusive origin of leprosy 
through heredity. Native belief for centuries in China, Japan and Central 
Africa has been moulded on the heredity theory, but it was held that this 
taint does not make its appearance until puberty. 

In St. Kitts Munro found, in 64 cases with reliable family records, that 
there was no family history in 84, whilst of the remainder there existed a 
direct history in 9 only. During the past decades much positive evidence 
has been obtained against the heredity theory. First, there is the 
diminished fecundity of lepers, which is well known. The rapid increase 
of leprosy in Hawaii could by no means be explained on any hereditary 
basis. The most striking example, however, in history is the observations 
of Hansen on 170 Norwegians who migrated to Minnesota, U.8.A. when 
suffering from the disease ; not one of their descendants, up to the third 
generation, had contracted leprosy in America. 

Contagion . — It is generally accepted that leprosy is conveyed from the 
sick to the healthy by contagion, and this is emphasized by all who have 
M^Titten on this subject, such as Brousse in Trinidad (1879), Hills in British 
Guiana (1881), and Leloir in the Hawaii reports of 1886. A native of 
a non-leper colony may acquire the disease on visiting a leper country 
and, moreover, may communicate it to his fellow countrymen on his 
return. One well-authenticated instance occurred in 1872 when an Irish- 
man, who became a leper in the West Indies, returned and conveyed it to 
his brother in Dublin. The Editor studied a somewhat similar case in 
a woman whose husband — a Mauritian — ^had died of leprosy, and who 
developed the disease in London, where she had lived all her life, after 
an incubation period of seven years. 

Intimate contact appears to be necessary, combined with lowered 
n^istance and susceptibiUty to infection, b^use implantation of the 
bacillus does not alone suffice. Many attempts have been made in the 
past to communicate leprosy to man by inoculation ; all, with two 
questionable exceptions, have failed. De Langen (1986), however, reported 
the case of a European in Java who was injected with morphia from a 
syringe previously used on a leper ; six months later a leprous nodule 
appeared on the forearm at the exact site of the morphia injection ; sub- 
sequently, lepromatous manifestations were noted. In June, 1986, 
Lagoudaky was twice inoculated intramuscularly with leper blood. Some 
forty-four days later two small subcutaneous leprous lesions appeared and 
he was demonstrated in 1988 at the International Lepro^ Confess. 

The rapid spread of leprosy in a susceptible community is difficult to 
reconcile with the statement that in many instances contact under favour- 
able circumstances has failed to convey the disease. Thus, in those who 
have lived lor a long time in attendance on lepers there have been only a 
ven* few instances of inf^tion, e.g. the historic cases of Fath^ Damien at 
Molokai, and two Sisters of Mercy and the Medical Superintendent at 
Bobben Island in South Africa. But hundreds of attendants on lepers 
pursue their work for years unscathed. In Louisiana 19 Sisters of Charity 
have b€M 3 n in attendance on lepers fm: 41 years without one single instance 
of infection. 

As with tuberoulosiB, evidence points to the susceptibiUty in early life. 
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The relationships involving intimate contact in childhood flire most in- 
portant. This has been realized in the Culion Island leper colony (Philip- 
pines) where children of lepers removed from their leprous surroundings 
do not contract leprosy. Amongst 10,000 lepers there Denny noted that 
35 per cent, were brothers and sisters, 27 per cent, cousins, 11 per cent, 
children of lepers, 7 per cent, parents of lepers but only 1 per cent, husband 
and wife. In Japan it is recorded that 7 per cent, of children of lepers 
contract the disease. 

Bacillus lejyrce {Mycobacterium kprm ). — This organism is the accepted 
cause of leprosy and is present usually in great profusion in the tissues. 
In size, shape and staining reactions it closely resembles the tubercle 
bacillus. It exhibits marked pleomorphism ; the ends are somewhat 



Fig. 51.— Sectlofl of ipkcn fhowlag lepra celff and lepra bactm 

X 800. 

attenuated and by some it is said to possess a gelatinous capsule. Indi- 
vidual bacilli vary in size, from 1 *5 to 5 /i in length and from 0*2 to 0 5fi 
in breadth. Curved forms with pointed ends are not uncommon. In the 
reactionary gtages of the dioease the organisms may be granular, coccoid, ' 
mono- or bipolar. Bound, qmre-like bodies often impart a granular ; 
appearance to a clump of bacilli. In common with the tubercle and 
smegma bacilli 3dyeo. lejrrcB is add-fast, retaining carbol fnchsin stain ] 
after being treated with mineral adds, thou^ it may be distinguished from ’ 
Myeo. tu^euhms by bdng more easily decolorized by alcohol than 1 
adds. Moreover, it occurs in lu^ numbers in the lesions, chiefly in j 
zoogloea maases within the Iqaa cells, often grouped ti^ther like bundles i 


THE LEPROSY BACILLUS 


557 


of cigars or arranged in a palisade. Chains are never seen. Most striking 
are the intracellular and extracellular masses, known as glohi, which consist 
of clumps of bacilli in capsular material. (Pig. 81.) 

The bacilli can be readily demonstrated by excision of a leproma, or 
they can be obtained by clamping a nodule, pricking the solid tumour, 
collecting a droplet of expressed “ leper juice ” on a coverslip and staining 
by the Ziehl-Neelsen method. They are Gram-positive. They are found 
in all primary deposits, in the skin lepromata, in marginal infiltration of 
the macular eruptions (where they may be very sparse), in apparently 
normal skin in the vicinity of leprous lesions, in the early stages of leprous 
neuritis (where also they may be present in small numbers) and in the 
specific lesions in the liver, spleen, testes and lymphatic glands. In the 
blood vessels they have been found in the endothelium and occasionally 
free in the blood, or engulfed by leucocytes. This fact is specially useful in 
diagnosis when thick dehssmoglobinized blood-films are stained by Zeehl- 
Neelsen stain. Bacilli are also abundant in the purulent and mucoid 
discharges from the nose, as well as from ulcerating lepromata. Very 
rarely have they been found in the spinal cord or lungs. 

CuUivaiion of Myco. kprcBy though repeatedly attempted, has never been 
really successful. Some investigators, it is true, have obtained growths of 
acid-fast bacilli (chromogenic and non-chromogenic), or diphtheroids, which 
in some instances liave developed acid-fast forms on subculture. Others 
have described branching bacilli, granular and eoocoid forms. 

It is probable that all four varieties (diphtheroid, pigmented acid-fast, 
apigmented acid-fast and acid-fast strep tothrices) have been more or 
less commonly encountered in leprous tissue in various parts of the world. 
When some of these cultures are injected transient granulomatous lesions 
have been obtained, but there is general agreement that they do not 
constitute true leprotic lesions. 

Inoculaiion of animals with human leprous material containing 
prodigious numbers of organisms does not give rise to typical progressive 
leprous lesions. Adler (1937) succeeded, to a limited extent, in communi- 
cating leprosy to young splenectomized Syrian hamsters {Cricettis auratus), 
A fragment of lepra nodule was inserted under the skin and, when the 
animal was later killed, leprosy bacilli were demonstrated in the liver, and 
(in other animals) in neighbouring enlarged and caseating glands, but he 
failed entirely to carry on the disease by subinoculation in a continuous 
series of hamsters. Similar results have l>een obtained by Burnet. Subse- 
quently Dharrnendra and Low^e in India, in a series of carefully planned 
experiments on the same animals, by implantation into the abdominal wall 
and intraperitoneal inoculation, fail^ to produce generalized or progressive 
infection. When the nodule was implanted into the abdomined wall, 
masses of bacilli were found at the site of the implant, but not beyond, 
and bacilli were found elsewhere in two animals only. The fact seems to 
be that lepra bacilli can survive for long periods in inoculated animals and 
even dean bacilli may evoke’’ local reactions and produce pathological 
appearances similar to those produced b^ living organisms. Araujo in 
Brazil appears to have had experiences similar to those of Adler and to 
have found the organisms in the European hamster (Cricetus cricehis) in 



558 


LEPROSY 


great profasion. Collier (1940) implanted lepromatous material beneath 
the skin of monkeys fed on a diet of Cohca^ia (Yam) over a long period. It 
is claimed that some developed symptoms reminiscent of leprosy in man 
and that acid^fast bacilli were obtained from material procured from the 
ears of these animals. 

Rat leprosy>—k leprotic disease of the rat, which occurs naturally 
throughout the world, was first observed by St^fansky in Odessa in 1908. 
Two types are recognized : disease of skin and muscle and disease of 
lymphatic glands. In tropical rats it occurs commonly and has been 
specially studied by Lampe and de Moor in Java. House rats are usually 
affected, especially R. ratitis concobr and R. decumanus. Infection in 
these AniTHAlg is conveyed by injury and by cannibalism. Laidlaw 
succeeded in transmitting this disease to the Syrian hamster, and it can 
also be conveyed to rats of the same species, infection taking place readily 
through skin abrasions and subcutaneous inoculation. The bacillus is 
Mycobacterium lepras murium, morphologically indistinguishable from 
Myco, lepras, whilst the lesions resemble those of human leprosy, macro- 
scopically as well as histologically. Attempts at cultivation have shovm 
much the same negative results as in human Myco. lepras. 

In spite of the general siinilarity of human and rat leprosy, it is generally 
agreed that the organisms represent two separate and distinct species and 
there does not seem to be any connection between this disease of the rat 
and human leprosy. 

Padiology. — Spread of leprosy through the body, — Myco, leprce enters the 
akin either by direct inoculation, or by spread from another focus, 
possibly carried by wandering cells. Passing through the capillary walls, 
the bacilli lie in the perivascular lymphatics or are ing<^ted by endothelial 
cells and histiocytes. The process is diflScult to follow in the case of 
macules with scanty bacilli, which spread centrifugally. The bacilli pass 
from the cutis to tiie main nerve tranks by the lymphatic channels and are 
found lying singly or in groups between the nerve fibres. Metastatic 
spread throng the bloodstream and auto-inoculation through abrasions 
also occur. Bacilli have been found in the corium of the skin over almost 
the whole body. It was formerly supposed that they were absent from the 
soles of the feet and palms of the ^nds, but this is incorrect ; macro- 
scopically, the lesions are inconspicuous in these situations owing to 
cor^cation of the skin. 

In advanced lepers the mucous membrane of the nose, mouth and 
pharynx are affected, and the eye frequently, both sup^cially and 
deep. The lui^, even in the most advanced stages, escape to a great 
extait. The liver is usually invaded, and bacilli are found in the inter- 
lobnlar connective tissue and around the central veins. The interstitial 
Knpfibr cells are swollen with bacilli, which, however, do not penetrate 
the parenchyma cells. 

In acute advanced cases the spleen is often involved, especiaUv in the 
artoriid sheaths and the Malpighian bodies." The glands at the hunm are 
frequently infiltrated. Small numbers of badlU l^ve been demonstrated 
in the cesophagns, stomach and intestine, with involvement of oorre* 
spending l^ph 0Bnd». Absence of intestinal ulceration eharaet^h^ 
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loprosy. In nodular leprosy the bacilli may be present in the glomerulus 
of the kidney, when th(»y may cause hyaline degeneration and interstitial 
n(‘phritis,‘ which is quite common in leprosy. 

In a large proportion of cases of nodular leprosy of prolonged duration 
albuminoid or lardaceous disease of the alimentary canal, liver, spleen and 
kidneys ensues. 

The Buprarenals are attacked in all cases in which the liver and spleen 
are affected. The testicles are to a great extent destroyed in all nodular 
cases by inter- and intra-tubular invasion. The testicular tissue is finally 
completely destroyed. 

Leprous affection of lymphatic glands is histologically obvious. The 
glands are swollen, but without • alteration of form. On section, the 
ampull® and medullary cords are yellow, or yellowish-brown, which renders 
tlu*m unmistakable. The inguinal glands are especially affected and the 
lowt^r members of the group may be as large as pigeon’s eggs. Micro- 
scopically, the ampullae and trabecul® are filled with globi : evidently lymph 
c('lls which have become filled with bacilli. The circulation through the 
glands is not arrested ; nevertheless, they retain their infectious products. 
Suppurating lymph glands are«not infrequently found in skin leprosy, 
♦^specially in the groin and neck. On the other hand, especially in the 
r*acific Islands, these glands may be tuberculous, or may even contain 
both leprosy and tubercle bacilli. 

Distribution of bacilli in skin and nerves . — In the skin the leprosy bacilli 
may be destroyed by the tissues of the body ; they may be latent, or they 
may multiply and spread. The vessels of the corium are arranged in two 
plexuses : the superficial or subpapillary and the deep or subcutaneous. 
Theses communicate through vessels adjacent to the hair-follicles and 
sweat glands. The subpapillary plexus supplies branches to the papillee ; 
the deep communicates with arterial and venous vessels lying in the sub- 
cutaiuK)US tissues. Nerve-plexuses correspond to those of the vascular 
system. 

I’he spread of leprous infection in the corium takes place in the lymphatic 
cbamiels. In some lesions the superficial plexus and its papillary branches 
are involved, in others the whole thickness of the corium. In others again 
Hpread is primarily along the deep plexus, invasion of the superficial layers 
taking place along the hair follicles, resulting in the pebbly appearance 
of some tuberculoid leprosies. 

The central nervous system is seldom the site of leprous lesions. When 
H(Tondary degeneration of the spinal tracts takes place it is due to extreme 
(b^truotion of peripheral nerves, but the spinal and Gasserian ganglia have 
bwm found to contain bacilli. Septic abscesses of the larger nerve trunks, 
especially the uhiar, are sometimes found. 

WTierever leprotic infection advances there is a general or local reaction 
on the part of the tissues to arrest the invasion. In t^e lepromatous 
type this reaction is generally limited, but in the neural it may be pro- 
nounced, and the leprotic process may remain for years conned to a 
single lesion. 

Lepromatous (nodular) leprosy.-— Young lepromata present a 

Hinooth, white, glistening appearance on section, but the older appear 



560 


LEPROSY 


browner. The specific lesions of leprosy differ from that of tuberculosis, 
inasmuch as they are well supplied with blood vessels and never undergo 
caseation. The earliest recognizable lesions are generally multiple, the 
result of bacillary metastasis from some unknown reservoir. The more 
acute the process, the more numerous the foci. Lesions are classifiable as 
nodules, papules, macules and diffuse infiltration. 

Nodtdes, round elevations of skin of limited size, may be temporary or 
permanent, soft vascular or fibrous. The nodule is probably fomed at the 
site of a bacillary embolus, either in normal skin or in a portion already 
infiltrated with leproma. (Figs. 82, 88.) 

Pajndes are smaller than nodules, not larger than a split pea. 



S2,->Efyftiaa chiMt aced il» ihowlfif acute earlj nodular lef rosy. 

(fir. H. K. Oiffen.) 


MaaJes are roughly circular or elliptical patches of discoloured skin, 
and are found in both the main types of the disease. 

Diffuse inJiUraiion of the skin is often noted without the appearance of 
nodules or macules. It is due to infection of the skin at numerous points 
accompanied by cellular infiltration, but response to the invading bacilli 
is insufficient ^ produce clinically noticeable signs. In resolving lesions 
the skin may assume a thin atrophic appearance resembling crushed 
parchment. 

The essential cell in defence agmst leprosy is the macrophage (^tiocy te) . 

There seems to be an aller^c element in tissue response in leprosy. 
The early reaction to lepromin is probably allergic, but it m not clear that 
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the late, tjrue reaction is the same. The lepromin test is usually negative 
in lepromatous cases, positive in tuberculoid and nervous cases, and usually 
positive in child contacts, especially in the later years of childhood. 

When the resistance of the individual is high, characteristic histological 
changes are ; concentration of round cells, especially round hair follicles 



Fi^. ft3.~-NoduUr leprosy in an Egyptian. 

{Photo, Or. H. K, Oifftn.) 


and vessels and development of the “ tuberculoid focus,” similar to 
tuberculosis. Tlie essentials in the histology of the skin in resistant or 
neural leprosy are : localization of the priKjess in the skin, the foci being 
chieflj perifollicular and perivascular ; formation of epithelioid and giant 
cells ; invasion of the subcutaneous nervt?8. 

The histopathology of the nerve lesion corresponds to that of the skin. 
In advanced lepromata bacilli and lepra cells are more abundant and there 
is formation of fine fibrous tissue in the erldoneiirium which may later 
contract and block the nerve-fibres. In the neural type l;>acilli are few, 
though it is easier to find them in nerves than in the sto. The cellular 
reaction also tends to be mon^ uitcmse so that epithelioid and giant cells 
are present in greater or kisser numbers surrounded by small K)und cells. 
Thi^ened nerve trunks inay l)ecoine enclosed in a dense fibrous sheath 
which may later cause cons&ction. 

In the non-resistant case the essential cell is the macroph^e but, as the 
bacilli multiply, so no attenipt is made to localize infection, owing to 
the relatively lowered resistance of the tissues. The bacilli multiply 
rapidly, the macrophages become active and ph^ocytose the bacilli. 
These are the lepra cells ” which are uniformly distributed beneath the 
(epidermis {m Rg. 81, p» 556). 
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In lepromatous leprosy there is no centralization of “ lepra cells ” in the 
ffranuloma : nerves in the cutis stand out and do not appear to be invaded. 
As this process continues, the invasion of the cutis becomes more intense, 
and all the skin elements become involved and eventually unr^ognizable, 
so that the epidermis becomes flattened, and the whole subcutaneous 
tissue, mcluding the subcutaneous fat, is invaded by the^ granuloma. 
The lepra cells now appear to give up the attempt at phagocytosmg 
the bacilli and undergo a curious foamy degeneration (foamy cell ol 
Virchow). There is marked absence of gross invasion by lyinphocytes. 
Owing to the ease with which the bacilli multiply they are earned by the 
lymphatics throughout the body and there is general disseimnation and 
multiplication, especially in the reticulo-endothelial system (I'lg. M.) 



FI*. 84.— Eaity lepraiiMtoiis teflon, fbowfaic diffnse inRMration of fob- 
paptHoiy, and dnifo Inllltrstioa of fub-cpIdcmMl layerf. 

Tuberculoid lesions.— The epithelioid cell is distinctive ol the tuber- 
culoid lesion, not only in the skin, but also in the nerves ; it seldom, if ever, 
contains lepra bacilli. Indeed, it is uaually difficult, or quite inipoaaible, . 
to find bacilli in thia type of lesion. The »o-call(*d “ jpant cell of Ijanghan » 
is another characteristic, and occasionally a few bacilli are found in con- 
nection with it. This cell may be of considerable sim and is found in sktn 
and nerve tissue surrounded by numbers of small Ijrmphocytes. In 
typical tuberculoids the cellular elements are arranged in cords, 

which in section resemble tul>ercles (Fig. B5). - * -j 

The activity of lesions is indicate by abundance of typical epithelioid 
celb, and in major tuberculoid the inflammatory process may be so acute 
that necrosis and ulceration of the skin take place. 
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Immunity.— Contrary to the popular belief, there seems little doubt that 
there is a natural immunity to infection which varies in degree in different 
individuals. Susceptibility to infection may depend upon general health, 
because it is certain that debility from any cause lowers resistance to 
leprosy. Varying individual resistance is also exemplified by the type of 
the disease. The nerve type, with tuberculoid lesions and few bacilli, 
indicates a comparatively high resistance and the multibacillary lepro- 
inatous form a comparatively low resistance. In the former, Mitsuda’s 
skin (lepromin) test is usually strongly positive, in the latter negative. 



Fig. S5. — Early lepromatoiu lesion, f ho whig large foamy cell (A) In the 
deeper tissues and a leprotic giant cell (B). The main cells are 
epithelioid in type. {Afltr Cochrane.) 

'J'he suggestion has been made that tliis test may be employed in non- 
leprous subjects as an index to resistance to leprosy. Applying it to non- 
leprous children of leper parents, Botberg found that positives increased 
with increasing age, reaching the maximum of 60 per cent, at the age of 
ten. This is taken to indicate that resistance is low in young children, but 
increases with age, but there is no evidence, as in tuberculosis, that resist- 
ance may be ultimately broken down by massive or repeated infections, 
whilst slight infective doses tend to raise resistance. Another indication 
of resistance is the abortive case, when slight, though definite, lesions 
appear and disappear without apparent cause. About the inheritance of 
acquired immunity there is still little clear knowledge. 
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In Burma leprosy is of a much more severe type in native Burmese than 
in Lydians living in that country. Some authorities have claimed that 
racial immunity is the result of prolonged and intimate contact vfith 
leprosy at some remote perioii of history and its disappearance as an 
endemic disease has been explained on this basis, ^but there is really little 
evidence to support this. It is more natural to explain the persistence of 
endemic leprosy in certain European countries, and its disappearance 
from others, on the basis of improved sanitation and hygiene than on 
racial immunity. 

Localized iramimity is observed in active lesions, especially those of the 
tuberculoid type. In the annular form of eruption the ewjtive inflammation 
spreads at the margins while the disease dies down at the centre, leaving 
only a slight discoloration or perhaps a mild sensory impairment; or, 
again, a major tuberculoid lesion may flare up and die down again, leaving 
only a slight visible scar to indicate its former site. 

Probably the majority of humans are non-susceptible to leprosy save 
during the critical years of childhood and adolescence. Even when infec- 
tion does take place there is a natural tendency to recover, so that the possi- 
bility of arrest in the initial stages has only been realized in recent years. 
Cochrane has shown that in children more than 60 per cent, of all neural 
Unions show improvement over a period of thrc^e years ; possibly this 
is related to the lepromin reaction, as tlie greet majority give a positive 
result. 

Clinical features. — Primary infection . — The early manifestations of 
leprosy may be vague and indefinite, such as malaise, weariness and mental 
depression. The probability is that bacilli reach the corium of the skin, 
or mucosa of the nose, mouth or pharynx, through some breach of the 
epithelium. It is difficult to be certain whether the primary lesion is the 
initial one, or some metastatic manifestation but, when several app<^ar on 
widely-separated parts of the body at the same time, they naturally 
represent secondary lesions derived from some primary focus. Rogers 
stressed the following points as worthy of notice. In hilly and stony 
districts in India the primary lesions are most commonly observed on the 
feet. No lesions of the scalp are recorded. The first lesions on the b(xly 
are scattered most densely on the extensor surfaces, especially on those 
parts exposed to pressure when lying down, such as the chei^ks, outer sur- 
faces of the shoulders, arms, buttocks and outer surfaces of the thigh. 
The flexor surfaces, on the other hand, are remarkably exempt. The 
affected parts are just those most exposed to insect bites and to the 
exccuiation by the nails in attempt to allay iiritation. 

The fact that lepr^y is more prevalent in hot, moist climates may to 
some extent be explained by the greater softness and moistare of the skin 
and the frequency of pricldy heat. In cold climates, when the body is 
protected by cbthes, it appears that a larger proportion are inoculated 
through the nasal mucosa. The face around the nose is a frequent site 
of levies are devoid of lepra bacilli ; the nasal mucosa is frequentty 
invmved wd is probabfy the immediate site from which the leprides arise. 

Incubation pmod.— *This is undoubtedly verv variable and may be veiy" 
prolonged : as long as 6 to 8 years. In South Africa the average period 
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in nodular cases is about 2 years though it would be fair to state that the 
general average is 8| years, the extremes lying between 5| months and 
4 years. It may well be that very long incubation periods may represent 
long latent periods after infection and before outward visible signs become 
apparent. Early discoloured anaesthetic patches may be overlooked for 
years. 

In children of lepers living with their parents in the Culion Island colony 
in the Philippines it was obser%^ed that the disease developed in 22 children 
A^ithin 4 months to 4 years from the time of their removal from the source 
of infection. Certainly in one case it took place during the first year of 
life. Muir has recorded a case in a three months’ old child. There 
appears to be direct relationship between closeness of contact with the 
diseased and the early development of symptoms. The length of incubation 
is considerably affected by the general health and habits of the patient, as 
well as by the climate. The first signs of leprosy may appear during the 
course of some other disease, such as dysentery, enteric fever, malaria or 
inlluenza. 

As compared with tul>erculo8i8, one of the chief characteristics of leprosy 
is the absence of toxicity ; enonnous numbers of bacilli may be present 
in the body with few signs. The local inflammatory reactions to lepra 
bacilli vary within wide limits. Thus, in one patient the disease is so 
l(X‘alized that it aff^H^ts one small skin area or the main nerve supply. 
There may be acute inflammatory swelling, local pain, trophic, sensory 
and other disturbances. Bacilli can be demonstrated with great difliculty. 
In contrast, a second case may show involvement almost of the whole 
body, so that a . preparation taken from any part of the skin may reveal 
numerous bacilli though the patient is not acuhdy ill, and is able to be 
about and do his work. The nerves are not noticeably thickened, and 
superficially the skin af)pear8 normal. At any stage during invasion 
stidden exanthematous reactions may appear, accompanied by fever and 
general symptoms. 

The chronic onset is so gradual and insidious that the disease has advanced 
to a considerable extent before any abnormality is evident. There may be 
tenderness, tingling or thickening of a nerve, an area of anaesthesia, perhaps 
with some change in the appearance of the skin, insensitiveness to burning, 
formication, tingling or numbness of extremities. Discoloiured skin patches 
may be mistaken for eczema or ringworm ; these may at first be small, 
gradually increasing in size. 

In the amUe onset there are occasionally multiple lesions with less diffused 
margins, which tend to spread rapidly and which contain very numerous 
bacilli. Tt^ first noticeable sign may be an evanescent rash. The onset 
may be deterndned by some ott^r acute disease, such as malaria or typhoid, 
which lowers the resistance. It may also be the sequel to chronic infection, 
such as i^hUis, ancylostomiasis or chronic disease of the gastro-intestinal 
tract, lie period of life may also have some bearing, e.j. extra strain 
imposed on the body.during puberty, parturition and menopause. 

The dinital tjrpes of leprosy. — ^Though leprosy affects the whole 
system, its lesions are more manifest and conspicuous (1) in ccumection 
with sidn and mucous membranes and (2) in the peripheral nerves. In the 
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more acute forms, with low resistance and prodigious multiplication of 
bacilli, the clinical signs are mainly connected with the formation of the 
“ leproma ” — a granulation with lepra cells. In textbooks of general 
medicine this form is referred as to ** nodular leprosy. The second main 
type is known as neural and is chiefly characterized by polyneuritis and 
macules. It is usually more chronic and benign and is associated with 
greater resistance. In this form Mffco. leprm is difficult or impossible to 
demonstrate in the skin lesions. According to the recommendations of 
the International Leprosy Congress in Cairo (1988) the following sub- 
divisions are recognized : — 

1. Leproniaious 1 (L.l). — (Nodular). — Slight lepromata consisting of one 
or a few macular areas or a few small infiltrated patches, small nodules, or 
diffuse lepromatous changes ; no lesions of nasal mucosa. 

2. Lepronialous 2 (L.2). — Moderately advanced cases with nuinen^ns 
macular areas or fairly numerous small or larger infiltrations or nodules. 
Ijesions of nasal mucosa frequently present. 

3. Lepromatous 3 (L.8). — Advanced lepromatous (nodular). Cases with 
numerous, extensive, or very marked lepromatous It^sions, whicli vary in 
their stage of development or retrogr<*ssion. Lesions of nasal mucosa 
invariably present. 

4. Neural 1 (N.l).— 

(o) Cases with from one to several small macules, or a smaller numl)er 
of larger ones (flat or elevated), without indications of poly- 
neuritic changes,, 

(h) Cases presenting only polyncuiritic changt*s of slight d(»gret^ with 
minor trophic disturbance. 

(r) Cast^ showing combinations <»f macular and polyneuritic mani- 
festations. 

5. Neural 2 (N,2 ). — 

(a) Cases with fairly numerous or large maculi s without evidence of 
polyneuritic changes. 

(h) Cases presenting only polyneuritic changes of iiuKlerate degrtn* and 
peripheral anecsthesia of considerable extent, 

(c) Cases showing combinations of equivalent total de^ee^. 

6. Neural 8 (A^8). — 

(a) Cases with numerous and extensive macular lesions with poly- 

neuritic changes. 

(b) Cases with polyneuritic changes, such as extensive pi>ripheral 

ansBstbesia, marked motor and trophic disturbances, ulcers and 
mutilations. 

(c) Cas^ showing combinations of equivalent total degree. 

Whilst this classification aims at describing the two main types, it is 

common to fed both present at the same time. The case is then known 
as ‘mixed.’* The degree of advancement of each type is indicated 
by symbols, for instance, L,— N.. L,— N,. 

Belatite frequency of the types. — In India and Africa mid also apparently 
elsewhere, the neural type preponderates, forming 55 to 90 per cent, of the 
total. 

Pdyneuriius leekms . — Involvement of peripheral nerve trunks produces 
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sensory changes in the extremities, which commence distally and spread 
in a proximal direction. They result in trophic changes, such as anidrosis, 
glossy skin, keratosis, perforating ulcers, atrophy, necrosis of bones and 
mutilations of the extremities. 

Lcsiofis of peripliernl nerves, — Thickening of nerve trunks is related to 
mechanical injm-ies. The ulnar nerve is commonly affectod at the elbow, 
while the radial is well protected. Thickening of the branches is generally 
correlated with leprides of the neural type. 

Lejyrovs nene. abscess is not uncommon in India associated with the 
neural type, or with injury. It occurs in superficial nerves — usually thi* 
ulnar, median cutaneous of forearm, great auricular or crural. The 
abscess is asually central and spindle-shaped and contains pus similar to 
that of glandular tulK^rculosis. Lepra bacilli may be present. 

Leprides is the term applied to macules of the neural type and poly- 
neuritic lesions caused by involvement of large nerves. They assume the 
form of minor tuberculoid or major tuberculoid macules and are 
characteristic. 

Anidrosis, prtK‘c*d(»d by hyperidrosis, may be one of the first noticeable 
signs. 

Hypopipmenhition, usually noticed in highly pigmented skins, is not 
usually complete, as in leucodenna, but partial. 

Hypercesthesin, >\ith an area of the lesion tender to touch and painful 
stimuli, preced<*s amesthesia. 

Ancesihesia, A t first it consists of loss of epicritic and then of protopathic 
sensibility. 

Parakerafosis is rt ‘cognized clinically by changt^ in the homy layer of the 
skin which becomes shiny and scaly. 

H yperkendosis is In^t scnm on tlie palms of the hands, or soles of the 
feet, and in the latter situation perforating ulcers usually form. 

Hair and nails, — The hair follicles are affected ; the hairs become soft 
and thick, breaking off at their point of emergence. The broken end 
lK‘conuts club-shaped, but growth continues inside. Similar changes take 
place in the nails, wliich become thickened and curved and claw-shaped. 

Vastnilar elmnges produce congestion and erythema, usually surrounding 
the margins of the lesion. 

lic^istance is the determining factor whether the type becomes neural 
or leproinatous ; the latter invariably sliows greater conc(*ntration of 
bacilli in both nerves and skin. The leproinatous lesions are in the main 
symmetricaL Leprides and anaesthetic patches of the neural type are 
li^ss so. When they cover large areas it is the result of gradually extending 
h^onsfrom comparatively small foci. 

The “ lepra reaction is acute in onset and course, accompanied by 
severe, febrile constitutional symptoms when all the lesions suddenly 
become swollen and inflamed. At the same time fresh nodules or macules, 
surrounded by oedema, appear, and cutaneous or subcutaneous nodules 
become pustujar, break down and discharge pus full of Myco, leprm, mmy 
of which are diphtheroid in shape and staining reaotons. As the reaction 
subsides, the lesions remain covered with desquamating epithelium. This 
reaction may last a few days, or may be prolonged for weeks or months* 
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It may remain confined to the face or extend to the whole of the body. 
The factors which determine its onset are not so easily ascertained. 

Litercurrent disease, such as malaria, may light up the lepra reaction 
and, moreover, in the lepromatous form, small doses of potassium iodide 
may produce a similar condition, but these sjrmptoms usually rapidly fade 
with elimination of the drug from the body. In India there seems to be a 
predisposition to the lepra reaction, which is much less common in Central 
Africa. In the neural type the reaction differs, as the tuberculoid form of 
lesion is more limited so the febrile and toxic symptoms are less severe. 

In both the main forms of leprosy the reaction represents an attempt 
to destroy the causative bacilli. In the minor tuberculoid form this is 
often successful when bacilli are scanty, but in the major tuberculoid, 
where they are more numerous, it is not. In the lepromatous fonn the 
reaction is less severe when there are masses of bacilli to be destroyed and 
so, as the result of toxic absorption, the patient's resistance is reduced and 
the lesions become even more widespread than before. 

The process spreads to the nen*e-trunks and ramifications. The nerves 
become swollen, congested and tender, and there are neuralgic pains. 
Blisters and bullas may be formed, with ultimate sloughing, which may 
even proceed to bone necrosis. Perforating ulcers in the feet are frequently 
the result of nerve reaction in the lower limbs. Herpes zoster may accom- 
pany involvement of the intercostal nerv^es. 

Distribution of leprous lesions. — Those parts of the body most 
exposed appear to suffer early. In Europeans these are the hands and face. 
In natives exposed to injury the feet are most liable. 

Head and neck , — The ears are more constantly affected than any other 
part, and in a suspected case it is always as well to look first at the auricles, 
where any thickening of the lobule may be readily detected by palpation 
with finger and thumb. Nodular lesions are seldom seen on the palms of 
the hands or soles of the feet and are exceptional on the penis and scrotum. 
The scalp was formerly said to be* seldom affected ; this is partly due to its 
anatomical structure, and partly to the fact that it is hidden by hair but, as 
a matter of fact, leprous alopecia is by no means uncommon. In the neck 
the cutaneous branclu^ of the nerves are early involved, especially the 
great auricular, which may stand out on the skin and l>e quite conspicuous. 
Palpation of this nerve may be a great help in early diagnosis. 

Imtial lesions of all types are common on the face, especially on the 
forehead. There is often loss of hair of the eyebrows, especially the outer 
part, and of eyelashes, even in the early stage of the disease. Lceions of the 
nasal mucosa are often present, though they may pass unnoticed unless 
sp^ally sought. They may cause nasal eatanii and often intefmittent 
epistaxis. ^^re jmj be merely a diffuse erythema, or erythematous 
patches, or general infiltration leading to corrugation of the skin. Nodular 
eruptions appear on the eyebrows, leading to leontiasis, and there is often a 
eharacteristic thickening of the nose. In the neui^ form anssstb^ic 
patches appear, together with paresis or paral^ of groim of tnusdsi, 
wdiich create a pecu^ mask-like expression (Fig. 86). When tl»» orU* 
cularo palpebrarum is affected the results are serious, as failure to close the 
eyes invedves irauma of the cornea. Paresis of the sphinetor nmsoles of the 
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mouth leads to dribbling. The senses of taste and smell may either be 
much diminished or lost entirely. Pressure on the facial nerve frequently 
causes intractable facial paralysis. 

Le^ns of the eyeball may be divided into two categories : those due to 
the presence of Myeo. lepras in the eye, or those due to interference with 
the nerve supply. 

When Myco, lepras are present in the eye, lesions are caused by spread 
either along the lymphatics or bloodstream. It is not uncommon for the 
disease to spread from the face to the conjunctiva, which becomes injected 




Pig. Si.— Lcpratic Intiltratiofl cawing paietb of facial mwcics and 
paralyiis of oiMcnlarto paipebranim. 

and thickened. When diffuse, this process may at first resemble ordinary 
conjunctivitis. Later, nodules appear, which niay be mistaken for ptery- 
gium. The disease may attack the cornea, which is the most vulnerable 
tissue ; then a ground-glass pannos spreads inwards over the pupil from the 
comeal matyn and may considerably interfere with vision. Leprotic 
nodules of the cornea are by no means uncommon and, when deeper, may 
bulge into the anterior chamber. . Again, leprotic infiltration may spr^ 
from t^ 8dl«ta along the anterior ciliary vessels, setting up iridocyclitis 
resembling that of syphilis. When there are nodules of the iris the eye 
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is doomed. The eye may also be affected by blood-borne infection, when 
isolated nodules may appear on the cornea or in the vitreous, but it is rare 
for the retina or optic nerve to be affected when other portions of the 
eye remain exempt. In Rogers’s experience in India, from 6-10 per cent, 
of lepromatous cases develop disease of the eye or its adnexa. 

In the neural type the eye is often involved in an area of widespread 
tuberculoid or lepride. Healing is followed by sclerosing fibrous tissue. 
Anaesthesia of the cornea and the deposition of fibrous laininte, together 
with paralysis of the palpebral muscles, abolish the corneal reflex and 
prevent normal closing of the eye by day or night, so that progressive 
ulceration of the cornea takes place, and general panophthalmitis may 
occur. Ectropion leads to eversjon of the punctum lachrymale and 
discharge of tears, ^ith eventual dt'struction of the lachrymal sac. 


Fig. 67.— Nerve leproiy : iiiiflii-en«gfiffe. {Dr, H, K. O^Jjeiu) 

The nose . — The habit of picking “ the nose, especially in children, 
probably plays a part in lesions of the mucosa, and those parts of the nasal 
septum and inferior turbinates within reach of the fingers are most com- 
monly affected. All degrees and types of infection which occur in the 
skin are found in the nasal mucosa ; nodules may be present on the 
turbinates, ulcers and scars on the septum. Perforation of the septum 
and deformity of the nose may result. When there is ulceration, the 
discharge contains large numbers of Myco. lepree, so that these cases con- 
stitute a serious source of infection to others. 

MouOi, phmrynx and air passages.— Lesions of the lips are someth^ 
found as an extension from the face. Nodules appear at the outer margins 
of the Ups, and fibrous constriction may cause partial stenosis. Nodules 
of tlie ton^ are seen in advanced cases. The palate may be affected by 
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diffuse or nodular lesions. Perforation of the palate may occur in the 
absence of syphilis. The larynx is not primarily affected, but may be 
involved by extension ; the onset is usually insidious. In some lepromatous 
leprosy the soft palate, uvula and ary-epiglottic folds are swollen and 
indurated ; tubercles of various sizes may appear. Later there is ulcera- 
tion ; constriction of the glottis may necessitate tracheotomy. Fibrous 
constriction is the cause of the pard whispering voice of the confirmed leper, 
giving rise to the brassy leprous cough. In primary nerve leprosy the 
throat is seldom affectc*d. Lesions of the pharynx and tongue are 
t xaggerated during the reactionary phase. 

I ^pper extremities , — Primary lesions are not uncommon ; in those who wear 
European dress they tend to W limited to the hands. The flexor surfaces 
lend to l)e much less af- 


fected than the extensor, 
possibly iK'caust? they are 
more liable to injury. 

Skin and nails.— The 
nails are not usually 
affected in the early 
stages. In the* lepro- 
inatou.H tyi)e the most 
marked changes occur 
when thenf is deep infil- 
tration of the skin of the 
fingers. The nail l)ecomes 
attenuated and there is 
Nmgitudinal ridging of 
the nail-bed. In the 
nutritional lesions of the 
neural type the nail is 
thickened and tends to 
split transversely. Trophic 
blebs and blisters on the 
hands are frequently the 
n‘sult of bums and bruises 
to which the anaesthesia 
exposes them. 



Fig. 85. Late effects of nerve-leprosy of 22 years* duration. 

{Dr. H. K. Qifftn) 


Muscles . — Muscular atrophies are most conspicuous in the neural type, 
chiefly from involvement of the ulnar nerve. Thus, the intrinsic muscles 
of the hands are affected, with flattening of the thenar and hypothenar 
eniiuences so characteristic of ulnar palsy. The characteristic main-en- 
iF'iJfc is a later development, with hyperexteasion of the metacarpo- 
phalangeal and flexion of the inlerphalangeal joints. The whole deformed 
hand becomes rigid, as if carved out of wood. Finally, with overgrowth 
of the nails and progressive osteoporotic changes in the phalanges, it 
l^ecoines the typical leprous claw hand, like some deformed vulture’s 
talon. Wrist drop may develop, chiefly from disuse ; as the bones shorten, 
^ claw-like nail may often be implanted into a metacarpal. There is 
seldom any affection of the upper arm (Fig. 87). 
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Bones, — Decalcification and osteoporosis of the bones accompany the 
neural form. The phalanges become atrophied, and may actually b^ome 
absorbed without sepsis or open wound. The metacarpals are less often 
affected. The process is oft^ complicated by sepsis, and consequently 
necrosis of bone (Fig. 88). 

Ijtfmph glands . — In skin leprosy there may be enlargement of the axillary 
or inguin^ glands. This may be due either to invasion of Myco. leprm or 
septic organisms. 

Lomr extremities. — Initial lesions in natives commonly occur on the feet* 
and a patient may suffer from the more chronic types without noticing much 
amiss. Often the first sign noted is a bleb or blister. The superficial per- 
oneal nerve, as it passes round the head of the fibula, is specially affected and 
is felt as a thickened and palpable cord. Drop-foot resulting from peroneal 
paralysis is not imconiinon. The posterior tibial nerve is also frequently 
involved. The pretibial skin is stretched, shiny and hairless : it does not 
sweat but usually becomes excessively dry and cracked. In others, again, 
there is elephantoid swelling of the feet extending to the knt^, with 
. depigmented anc&sthetic patches, homy hyperkeratosis and mutilation 
of the toes. 

Perforating ulcers of the soles of the feet are painful and crippling ; they 
are associated chiefly with neural cases and are the direct result of nerve 
involvement. The epithelium of the sole becomes thickened and inelastic. 
This leads to fissuring of the skin and the formation of ulcers. The feet 
become flattened and painful, owing to destruction of the musculature of 
the arch, and the ans&sthesia may permit many injuries. Trophic clianges 
in the muscles and periosteum le^ to decalcification and absorption of 
the bone, w^hich may l)e even more extensive in the foot than in the hand. 
Thus, the astragalus is often completely absorbed. Sepsis 'through cracks 
and abrasions is a tenninal event. Nodules on the legs are most frequently 
found at the sites of injury or friction. They are especially common on the 
internal and external malleoli. Lymphangitis in the lower limbs is not 
uncommon. 

Body and internal organs. — Lesions on the trunk do not diflfer in any 
essentials from those on the extremities. The middle line is less affected 
as a rule. Lesions on the front of the chest are said to be comparatively 
rare. In nerve leprosy typical herpetic lesions containing Myco. leprm 
have been reported. Induration and even hypertrophy of the nipples are 
very common in the reactive stage, followed by retraction in the phase of 
resolution. It is said in India that, when the lower abdomen is protected 
by a loin cloth, lesicms of the abdomen ire confined to the upper half 
(Pig.^). 

liosions of lungs have not been remirded. Large quantities of purulent 
sputum are due to bursting and discharge from nmoles in the trach^ and 
upper bronchi. Pulmonary tuberculosis not infrequentlv complicates the 
more severe forms of leprosy. Lepra bacilli are commonly found in spleen 
and liver, but do not seem to give rise to any special S3rmptoins. 

Geniki Testicles are affected in advanced oases. Sterility is 

more eommon in males tliim in females, and it is rare for the ovaries to be 
involved. Swelling of the mafo biaast 
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oases in which the testes have been destroyed. The birth-rate amongst 
lepers appears to depend on the fertility of the male. 

Lymphatic glands are enlarged in the vicinity of gross infections of a 
part, especially in the neck, axillae and groin. 

Resolution. — Leprous lesions may resolve spontaneously. Major 
tuberculoids may disappear, with deposition of scar tissue. Minor 
tuberculoids often heal up at the centre, with little change in the texture 



PIf. Leprosy* showiiig hypertrophisd nipples. 


(>f the skin. In the lepromatous t)rpe, nodules which resolve leave flat scars 
like deep bums. 

Incidence. — ^Leprosy is more common in men and assumes a more 
severe form. In Norway the few remaining cases are chiefly in females, 
which is explained by their greater longevity and the milder character of 
their dis^aee. Before the age of puberty children of both sexes are almost 
equally affected. The periods of pub^y and childbirth impose a sevwe 
strain and increase somewhat the inciaenoe in the female. The chief 
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factor in the considerable excess of male cases is the greater freedom they 
enjoy. As in tuberculosis, the majority of cases are infected during the 
first two decades, and probably few contract the disease after 40. 

Little is known about the factors of race, susceptibility and resistance. 
Differences which have been observed are probably explicable On climatic, 
social, dietetic and economic grounds. In India and Africa leprosy is 
especially common and severe in races with mixed European blood. That 
the social condition has a marked influence on the incidence and severity 
of leprosy is self-evident. In Norway it was formerly confined to fisher- 
folk living under very primitive conditions, but in India wealthy and 
highly-placed people are quite commonly infected. Rogers is of the 
opinion that in these it is a result of bed-infection. 

Duration. — l»\Tien leprosy is acute and febrile it may be fatal within 
two or three years, but in the great majority the course of the disease is 
very slow. 

Diagnosis. — Early diagnosis is of the utmost importance, but many 
factors militate against it. It is, of course, easy to diagnose obvious and 
advanced cases. The ignorance of the patient, his dread of the disease, and 
the fear and superstitions of the general public may hinder prompt recogni- 
tion. The earlier indications are the discoloured patches on the skin, and 
symptoms referable to involvement of the peripheral nerves, such as 
tingling or numbness, formication, or a feeling of woodenness in the liml>s. 
In the majority of cases the first lesions noted are depigmented ana<sth(‘tic 
patches. Of fundamental importance are impairment of scmsation, 
thickening and tenderness of nerves and demonstration of acid-fast bacilli. 

To test sensation, the patient should be stripped and blindfolded. F’or 
testing ansesthesia to light touch, a feather should be used ; analgesia is 
tested by pin-prick ,using an area of normal skin as control. Loss of 
thermal anaesthesia is important. Hypenesthesia and para^thesia may 
precede ansBsthesia to light touch. 

Thickened ner\'e8 may be felt on palpation, and tenderness eliciU^d by 
striking an area sharply with the finger or patellar hammer. The ulnar 
nerve is commonly affected above the elbow, the superficial peroneal at 
the head of the fibula behind the knee ; the radial as it curves round the 
humerus, or its branches as they pass over the lower end of the radius ; 
the posterior tibial below the inner malleolus; the great auricular as it 
runs parallel to the external jugular vein and the branches of any particular 
nerve supplying a tuberculoid lesion. Examination of a smear for My&f. 
leprtBf by cutting down on the epineurium of a nerve, may occasionally be 
necec^ary. 

Bacteriological examination.-— In tuberculoid macules bacilli are 
difficult to find, and should be souj^^^t at the margins. In the lepromatous 
fornix where ttmre are no outstanding nodoles, the lobule of the ear is the 
site of choice. Lymphatic gland puncture, as well as the examination of 
blisto fluid by carbon dioxide snow, may be useful. 

Biopsy of (he riWii mav be made by smears made from a “ snip or 
hy section. IHie wmpm incision method of Wade consists of pinebing- 
np the skin and applying eompresrion to stop bleeding. With a small 
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scalpel a cut 5 mm. long is made well ipto the infiltrated layer. All blood 
should be wiped away and, with the blade transverse to the incision line, 
the side and bottom of the cut should be scraped repeatedly, and the 
material spread on a slide and examined. The selection of the site is 
important, though failure to find bacUli in one smear does not justify a 
negative diagnosis. 

Examination of the n«tsal mucosa is as important as that of the skin, 
and frequently a positive result is obtained when the skin is negative. 
A sharp-pointed tenotomy knife is the best instrument, and material 
should be sought in the septum and inferior turbinate. If there is ulcera- 
tion, slight scraping suffices. Otherwise, a small piece of mucous membrane 
should be scraped off. Cotton swabs should not be used, as they frequently 
harbour saprophytic acid-fast organisms which may be mistaken for Myco. 
leprce. The standard Ziehl-Neelsen method should be used for staining. 

Rubino’s reaction. — The blood sedimentation is constantly increased 
in leprosy and, concurrently, the cholesterol content of the blood is reduced 
(Westergren 8 method with citrated blood). Rubino has advocated an 
agglutination-sedimentation test with formolized sheep’s corpuscles. 
The serum is said to C/Ontain a specific substance which causes rapid 
agglutination and sedimentation of these corpuscles. It is claimed that 
the reaction is specific and sedimentation is produced in less than one 
hour. 

The lepromin reaction (Mitsuda). — In early lepromatous cases this 
rf*action is usually positive, and resembles clinically and histologically the 
Mantoux reaction in tuberculosis, but it may not become apparent for 
several days (p. 577). It is an allergic response. Ota and Nitto have 
rec(*ntly advocaU>d, as givdng better results, an antigen prepared from 
granulomatous deposits in the heart muscles of hens injected with human 
lej)ro8y material. Cochrane found the lepromin reaction positive in 60 per 
cent, of neural and 100 per cent, of tuberculoid cases. Lepromatous cases 
are usually negative. Some healthy children give false positive reactions. 

Subsidiary signs. — Anidrosis, often preceded by hyperidroais, is 
characteristic of chronic cases, and is usually present in tuberculoid 
macules. In doubtful cases pilocarpine, 1 in 1,000 solution, is injected 
intradermally in a suspecteii patch and a similar ajnount in adjacent 
healthy skin. Both areas are then painted \vith tincture of iodine and, 
vvhen dry, powdered with starch. The control area sweats, turning the 
starch blue. Absence of sweat at the point of injection indicates leprosy. 

The histamine test of Rodrigues is somewhat similar in slight or early 
cases. A drop of 1 in 1 ,000 solution of histamine is placed within the margin 
of the suspected area, and a second outside. A prick is made with a needle 
through the drop. A red flare appears in normal skin. 

Parakeratosis^ hyperkeratosis ^ ichthyosis and alopecia. — These first three 
conditions are interconnected and are due to malnutrition followed by 
changes in the stratum comeum. The surface of the skin is shiny with 
^^cales. Hyperkeratosis is best seen on the pahns of the h^ds and soles 
of the feet where the epithelium becomes abnonnally thick and is apt 
to split, fornung a superficial perforating ulcer. Somewhat similar changes 
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take place in the nails, whilst loss of h^ in the beard, eyebrow area and 
scalp are well known. 

Differential dia^osis. — The characteristic marks of leprosy are 
sufficiently distinctive, but they have to be differentiated from psoriasis, 
seborrhoeal dennatitis, various forms of tinea, eczema, lichen ruber planus, 
pellagra and filarial disease. Blastomycosis produces skin lesions reminis- 
cent of leprosy. Prom syphilis and yaws, however, it may not always be, 
so easy. Syphilitic and yaws skin lesions may often closely resemble the 
macute of leprosy, but the absence of sensory changes and reaction to 
treatment are sufficiently distinctive. The Wassemionn reaction alone 
cannot always be depended upon in differential diagnosis. Syphilis and 
leprosy frequently co-exist. In mild early cases of leprosy positive reactions 
denote coincident spirochaetal infection, but in advancetd cutaneous and 
neural cases, especially those subject to lepra fever, a positive reaction 
does not necess^y always indicate a syphilitic infection. Lloyd, Muir 
and Mitra reported that 68 per cent, of nodular and 27 per cent, of neural 
cases in adults gave positive reactions. 

The thickened skin of crab yaws on the feet may roughly resemble 
leprotic hyperkeratosis and may give a semblance of ansesthesia. Gangosa 
of yaws may hi^ mistaken for nasal leprosy. 

The early lesions of mycosis fungoid might possibly be mistaken for 
early nodular leprosy, and leucoderma is not infrequently associated with 
leprosy in the popular mind. It is extremely common, especially in India, 
and in negro races, and unfortunate sufferers are sometimes to be found in 
leper asylums. Depigmentation in the leucoderma, however, is more 
complete and sensory changes are absent. Lupus vulgaris is very likely 
to be mistaken for leprides, and in both diseases acid-fast bacilli are difficult 
to demonstrate. Lupus evinces a greater tendency to scar formation and 
there are no sensory changes. 

CuUmeous kishmaniasis and, in South America, espundia^ may be mistaken 
for leprosy. The lesions on the skin of the face tend to concentrate round 
the mouth and nose and form a more raised margin than those in leprosy. 
Demonstration of the Leishman-Donovan body will always settle the 
matter, but leishmanial lupus-like lesions on the ears may cause difficulty 
{see p. 175). Acrodynia, bums and other injuries may leave behind 
ansesthetie scars. 

Neural leprosy has to be differentiated from syrmgomyelia, in which 
analgesia and loss of heat sense are accom|iauied by retention of sense 
of touch and normal sweat function. The absence of nerve swelling and 
tenderness is important. The nerve injuries caused Inr cervical rib may 
possibly be c^led into question, but can be settled by X-ray examinarion. 
Baynau^ s d%$e^ has been confused because of trophic changes ; hyper^ 
trophic tnierstitial neurUis (Dejerine-Sotta’s disease) may cause oonhision ; 
this is a rare condition with thickening of nerves which may be so great 
as to r^der them conspicuous, and is accompanied sensory and trophic 
eban^ as in neural leprosy, ^d ultimate production of claw hand. Van 
BecIMfighamen^s disease (neurofibromata) nmy sometimes tmmMa 
feproc^. 
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Prognosis. — ^Leprosy may sometimes be a slight passing ailment, or may 
become the most repulsive loathsome disease known to man. The two 
important factors are concentration and distribution of bacilli in the body 
and resistance. Prognosis is more favourable in the neural than in the 
lepromatoiis type. The maintenance of a high standard of general health 
constitutes a most important element in prognosis. Some patients, even 
with advanced nodular lesions, are known to have partially recovered. 
On the whole, the earlier a patient comt^ under treatment the more favour- 
able the prognosis. On account of the ease with w'hich improvement in 
muscular power and in sensation can be determined, it is usually easier to 
assess the progress of the neural than of the lepromatous type. Very 
spectacular changes are most often seen in patients with tuberculoid lesions. 

The danger of contact. — The factors which predispose to the danger 
of contact are closent'ss and duration, the infectivity of the case, combined 
with the age and general health of the person exposed to contagion. A 
child may acquire the disease after even slight contact. 

Recovery. — In early neural cases progress may be stayed or arrested 
with little or no deformity. But there is no acid test of absolute recovery, 
and it is said that in such an arrested case, some severe intercurrent disease 
may herald return of leprosy. From the patient's viewpoint the main 
thing is whether there will be permanent deformity. 

Causes of death. — Leprosy differs from tuberculosis in its low mor- 
tality. As a rule the victims do not die of leprosy so much as from intt^r- 
current disease. They die from complications or as the result of crippling 
deformities. Death may be due to asphjrxia from obstruction of the 
larynx or trachea, or to prolonged lepra fever. 

Technique of the lepromin (Blitsuda) test. — Material isobtained by re- 
moving large, soft, nodules which are boiled in water for 20 minutes and divided 
into fine fragments with scissors. The epithelium is then removed and the mate- 
rial dried for a few hours with an electric fan, then in a vacuum desiccator 
over pure sulphuric acid. The dried material is ground up to a fine powder in a 
glass mortar and stored in a desiccator. In preparing the suspension 0*4 grm. of 
the dried powder is ground up with 10 c.c. of saline and the fluid pipetted off, 
a process which is repeated three or four times. Carbolic acid (0*6 c.c.) is then 
added and made up with normal saline. The suspension is made up in 1 c.c. 
ampoules, sealed and heated at 120^ C. for half an hour. Standardization is 
difficult. 

A series of intradermal tests with full strength lepromin are made in dilutions 
of 1 in 2, 1 in 4, 1 in 8. Stronger suspensions, as a rule, ^ve stronger reactions. A 
standard smear is made and the number of bacilli estimated. The skin on the 
inner aspect of the arm is chosen, the customary dose being 0* 2 c.c. The injection 
must be made intradermally ; a slight serous effusion follows it, but disappears 
after a f^w days. 

In positive cases a nodule appears at the site of inoculation between the first 
and third weeks, increasing in size up to a maximum. The dc^pree of reaction 
is read by measuring the size of the nodule by a sliding calliper. In strong 
reactions tl^ may be slight necrosis. In heathy adults not inflected with 
leprosy the nodule is fi-10 mm. but in resistant oases it is much larger. The 
lepromin reaction is of use as a means of testing natural resistance to leprous 
inflectioii. 

as 
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The iodide test. — This test is of value in assessing the infeotivity of oases 
when repeated bacteriologioal examinations of akin and naeal muoosa have given 
negative results. It should only be used, however, when the general health 
is good and when the blood sechmentation testa are within normal limits, A 
single dose of 2 grm. of potassium iodide in a glass of water is given at night. 
This may cause appearance of new cutaneous lesions or efflorescence of old ones, 
pain or tenderness of the nerves, pyrexia and increased sedimentation rate. 
The skin and nasal muoosa should then be examined for Myco. lepras. If any 
reaction occurs, the next dose of potassium iodide should be delayed until it has 
subsided. If not, increasing doses of 4, 6, 8, 12, 16 grm. should be given at 
fourteen -day intervals, always with plenty of water. Should no further reaction 
occur, the leprotic infection may be regarded as arrested. 

Treatment of leprosy. — Chaulmoogra, or hydnocarpus oil, has for a 
long time been employed as a remedy for leprosy in India and other 
countries. It is derived chiefly from the seeds of Taraktogenos kurzii 
(Assam and Burma), Hydnocarpus tcigktiana (South-West India), and H, 
anthelmifUica (Siam and Indo-China). In recent years hydnocarpus trees 
have been introduced into Nigeria, the Congo, Fiji and East Africa. In 
Brazil a somewhat similar oil is obtained from Carpoiroche brazUiensis 
(“ Sapucainha ”). Though formerly given by the mouth, or by inunction, 
the more modem method is by injection. The oil itself, w-hen expressed 
from fresh, ripe seeds of H, vngkliana and H, anthelmintica, is well tolerated, 
but when stale acquires irritant properties. There is virtually no difference 
in the composition of chaulmoogra and hydnoc^us oils but, owing to 
the fact that the latter trees occur in more accessible areas &nd the seeds 
are easier to collect, hydnocarpus oil has largely replaced chaulmoogra 
in the official antileprotic oil of the B.P. (1932). 

Sodium hydnocarpcUe (AlepoD (the sodium salt of a selected fraction of 
the fatty acid of hydnocarpus oil), introduced by Rogers in 1916, is soluble 
in water and can be given in 8 per cent, solution intramuscularly, subcu- 
taneously and intradermally. If given intravenously it produces endo- 
phlebitis and sclerosis of veins. 

The eth^yl esters were introduced by Macdonald in 1920. Later, it was 
found that the esters of the total fatty acids of hydnocarpus oil, iodized to 
make them less irritant, were the most effective. The creosoted oils have 
been found to be almost as good and are well tolerated when injected. 

Hydnocarpus oil and its esters intramuscularly, subcutaneously and 
intr^ermally are the most efficacious drugs, but the ethyl esters are more 
stable than the oil. They should not be exposed to air, but should be 
prepared and hermetically sealed in ampoules. The use of ampoules is 
recommended, but when stored in bottles the entire contents should be used 
on the day they are opened. 

FiStets must not be reheated. Various theories have been advanced for 
the action of chaulmoogra oil but none is geneiuUy accepted. Possibly it 
a^ by its unsaturation as shown by its iodine value. Other oils of 
high iodine value have been tried, amongst them codliver oil, linseed oil, 
and soya bean oil, but all have given raiiilts inferior to those of o^ulmoogra . 

Afi^kprol, ethyl ester of chaulmoogra, is dispensed in capsules of 1 gnn. 
and given intraninseularly or by the mouth twice weekly in gradually 
increasing doses. 
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Moogrol (Burroughs, Wellcome) is also a mixture of ethyl esters of 
chaulmoogra, and is given by intramuscular injection. Commencing with 
1 c.c. the dose is* gradually increased to 6 c.c. at weekly intervals. It has 
also been given intravenously. The iodized ethyl esters are known as iodized 
nwofjrol and are usually given by intradermal injection, the leprotic lesion 
being completely infiltrated by producing coalescing “ injection wheals.” 
The dose is 1 c.c., gradually increasing to 5 c.c. It is recommended that 
tabloids of calcium iodoricinoleate (lodicin) should be given by mouth 
three times daily, together with moogrol. 

The mixture known as E.C,C,0, is composed of the ethyl ester of Hydno- 
carpus wightiana, creosote, camphor and olive oil and is given hypodermi- 
cally in 0*5 c.c. doses, intravenously in 0*26 c.c. Total dosage is 7*5 c.c. 

C. E, 7. is a mixture of . . . Chaulmoogra, 50 parts. 

Sulphuric ether, 60 parts. 

Iodine, 0*1 part. 

The initial dose, intravenously, in daily injections, is 0*25 c.c., increasing 
gradually to the maximum, 1 c.c. 

Modem workers regard the ethyl esters as less viscid, easier to inject 
and more rapidly absorbed. On the other hand, the viscidity of the oil is 
lessened if 4 per cent, creosote is added and if it is injected at 45° C. The 
oil is mc»re stable and, when stored, is less liable to change, especially after 
addition of creosote. 

Methods of administraiion , — The exact method— intramuscular, sub- 
cutaiu>ous or intradermal — depends upon the type of case and ccuidition 
of the patient. Intramuscular injections are preferably made into the 
gluttMis maximus : each dose should W divided, and not more than 1 c.c. 
injected at any given point. Divided injections are given partly by with- 
drawing the needle and reinserting at a different angle. By warming the 
oil, injecting slowly, and dividing the dose, painful indurations and 
abscesses may be avoided. Subcutaneous injections are made beneath 
lesions occurring on the more fleshy parts of the body, especially the 
extensor surfaces. The intradermal method, now much used, has the 
advantage that, in addition to the general effect, there is local action on 
the area infiltrated. This method is particularly suitable for the tuber- 
culoid lepride. Two techniques are generally employed : 

(1) The ” planeha ” method, used by American workers in the Philip- 
pines, by which multiple small fractional doses (0-05 — 0- 1 c.c.) are injected 
intradennally, a small wheal about 6 mm. in diameter l)eing raised round 
each puncture. By this method an area of 12 sq. cm. or more is infiltrated 
at one sitting by a short needle which enters the skin for 2r--3 mm. 

(2) A long thin needle is threaded through the skin to its socket, and the 
oil or esters injected as the needle is withdrawn. A successful injection 
should leave behind it a long wheal along the needle track, but there should 
be no re*infiltration of a skin area for one month, or at least until all 
induration produced by the last injection has resolved. 

Doses . — Tolerance to hydnocarpus oil varies with weight, ^e and general 
condition. It is necessary to remember that each injection produces a 
negative phase of varying duration. The better the ph^ical condition, 
the larger the doses the patient will tolerate. In estimating tolerance the 
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blood Bedimentation rate is important. The customary dose of the oil, 
hydnocarpate {Alejx>t) or esters, is from 0*5-0 ex. once or twice weekly 
though occasionally doses up to 30 c.c. per week have been employed. 
It is usually administered as a 8 per cent, aqueous solution, commencing 
with 1 C.O., and rising by 0*5 c.c. to 5 c.c. In many cases it is better to 
give a proportion intradermally and the balance by other methods. 

Special treatment should be continued until all active signs of the disease 
have disappeared, repeated bacteriological examination of skin and nasal 
mucosa are negative, and the nerves are no longer thick and tender. When 
active signs have definitely disappeared the disease is said to have become 
“ quiescent,” but when this state has remained stationary for two years 
it may be said to have become “ arrested.” 

Special treatment aims at the destruction of ^tlyco. lejtrce ; when they 
have practically disappeared from the l)ody, the deformities can he 
relieved, but sensation can never be restored in permanent lesions. Com- 
pulsion is out of the question and patients must co-operate willingly. 
They should be encouraged to come as early as possible, and should be 
warned from the onset that treatment must necessarily be protracted. 

I^epra reaction, — If this reaction occurs during the course of intensive 
treatment the injections must be stopped, but if there is some complicating 
disease (such as malaria) this must be specihcally treated. During the 
lepra reaction the patient should be confined to l>ed and the bowels freely 
evacuated. Alkalies are advisable : 60 gr. of sodium hicarlnmate may be 
given four times daily. Intravenous injection of potassium antimony 
tartrate, ^ to \ gr. three times weekly, has proved an effective desen- 
sithser. Intravenous injections of mercurochrome (8 c.c. of freshly made 
1 per cent, solution) may sometimes control the condition. Calcium lactate 
and calcium gluconate in large doses act as adjuvants. Intravenous 
injections of aniline dye — trypan blue and methylene blue— have also 
employed. • 

Treatment of pain, — Pain is usually associated with the lepra reaction, 
and there is increase of pain and tenderness in the distribution of affected 
nerves. For this, adrenalin hydrochloride 1 in 1000 solution (0*iJ-^ c.c. 
in 5 c.c. saline) is infiltrated into the perineural tissues, or alternately 
0*02 grm. of ephedrine sulphate (dissolved in 10 c.c. of a 0*5 per cent, 
sodium bicarbonate solution) given by the mouth or injected similarly 
round the nerve usually gives relief. Snake venom in small doses has 
also been found useful. In leprous neuritis, with oedema of hands and 
feet, aneurin (vitamin B,), in 10 mgm. doses daily, is swd to be successful. 

Surgi^ treatxnent.--‘Eacisi(m of Imons.— If there is onljr one small 
skin lesiem, say less than 1 inch in diameter, it should be exci^. Large 
outstwding nodules should be shaved off, the base being touched with 
siroi^ cartolic or nitric acid. The electric cautery or carbon dioxide snow 
have been siiiulariy employed. The treatment of perforating abecs is a 
difficult problenu Neemsed bone should be removed. Chronic atcers with 
indurated mittgins may be stimulated by mfiltration with hydnooarpiM 
estm, and by apply^ sulpbonamide powders or paste. Amputaikm to 
sddoiu necessary. 

When the thickened ulnar nerve to constricted by d^tise fibrous tiiiue 
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behind the condyle, or the peroneal nerve is bound to the head of the 
fibula, the thickened band may be severed. The nerve sheath may be slit 
with benefit. 

The eye , — K there is involvement of the iris, mydriatics (atropine) must 
1)6 instilled to prevent further fixation. Particular care must be taken in 
the general treatment to avoid reactions which have an adverse effect on 
the eye. It is said that infiltration of the bulbar conjunctiva with a 
1 in 1000 solution of trypan blue relieves the pain and congestion. But 
the best permanent results are obtained from improvement in the general 
health. 

WTien there is anaesthesia of the cornea, paresis of the lids, or ectropion, 
the eyeball has to be protected with liquid paraffin, and a cotton- wool 
pledget should be tied over it at night. Sometimes the condition may be 
improved by marginal tarsorraphy. 

The nose . — Special treatment is often required for the nasal ulceration. 
The crusts should be removed and the mucous membrane ansesthetized 
with cocaine and adrenalin or some caustic, such as trichloracetic or 
chromic acids (1 in 10 solution), applied and fulgurated with a diathermy 
apparatus. Sometimes douching with 2 per cent, sodium bicarbonate 
solution and painting with iodized hydnocarpus esters is also useful. For 
offensive discharge the following nasal lotion is used : 


E. Sodii ohiorid. 
Sodii bicarb. 
Pot. cblor. 
Calc, phosph. 


j- oa gr. 22 (1*42 grm.) 

5 2 (7-78 grm.) 

5 I (15*5 grm.) 


>^ig- : I OE. to be used with I pint of water as a nasal douche. 


Deformation of hands and /cW.— Rc^habilitation measures, such' as carefully 
planned exercises, can often lessen deformities. The necessary movements 
may be produced in agriculture or textile industries, as carried out in the 
model Culion Island Colony in the Philippines. 

Trophic ulcers , — Codirane advocates filling the cavities with 5 per cent, 
sulphonamide paste, bandaging or strapping and leaving for one week. 
The following is recommended : 

Sulphonamide (Sulphapyridine) . gr. 75 (5 grm.). 

Adeps hmm 3 IS (70 grm.). 

liq. paraff. 3 (23 c.c.). 

Operative pimoedures are sometimes necessary. * Me^tarsalectomy is 
advocated, llie limb should be devasculated by a tourniquet, and the 
bone disarticulated before removal. Local ansssthesia, adecjuately given, 
suffices, and the tourniquet should not be removed until the wound has 
been well packed with sulphonamide paste and a tight bandage applied. 

Subsidiairy measures , — ^Tbe production of protein shock by intravenous 
injections of mUk or other forms of protein sometimes causes temporary 
improvement and aids in healing up intractable ulcers, but must be used 
with caution* The munds on wUch these methods are based are the 
favourable results wmch sometimes follow febrile reactions in leprosy. 
Row in Bombay recorded such improvement after weekly subcutaneous 
injection of oarbolized cultures of tubercle bacilli. Intravenous injections 
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of killed Bad, coli (pyrifer) raise the temperature and cause a reaction, and 
good temporary results Have followed the similar use of typhoid-paratyphoid 
vaccine in graduated doses, commencing with 50 million and gradually 
increasing to 200-800 million organisms in order to obtain satisfactory 
reactions. 

Somewhat analogous results have been Tecorded from time to time by 
autogenous vaccines made from ground-up lepromatous material, and other 
acid-fast organisms grown from leprous nodules. The so-called anti-lepra 
serum of Rienstiema was obtained by injecting such a culture into sheep. 
Rapid and favourable action has b^n claimed by some observers as a 
result. X-rays and radium have also been tried, and various baths, such 
as iron, copper sulphate and iron arsenical baths at a temperature of 
110° F. (in Java). 

Some mention must be made of the recjently-developed sulphonamide (promin) 
in treatment (Dinan, Pogge and others, 1943). This is the bert of all preparations 
so far tried and has given encouraging results. The oral administration is toxic, 
and larger ‘doses are tolerated by the intravenous route. By this method 1-5 
grm. are injected daily for six days a week. The majority of cases have received 
the larger dose for months, with short intervals of one to two weeks three times 
yearly. The oonoentration in the blood declines rapidly, only traces being 
found 8-8 hours after injection. The toxic effects are anaemia in 46 per cent, 
after six weeks. The blood must therefore he watched, but responds to liver 
and iron preparations. Leuoopenia was noted in 3 per cent. Allergic dermatitis 
and rhinitis may ensue. There is no evidence of any bactericidal action. After 
a year's treatment in 22 cases, 15 were definitely improved.^ Promin acted 
favourably on lejurous keratitis, iridocyclitis and ulcers. 

Prophylaxis. — If children could l>e prevented from coining into contact 
with infectious cases then the number of adults who would later l>ecoine 
victims wY>uld be so few tliat the leprosy would decline. In planning 
preventive measmes the incidence of child infection and of infectious 
lepromatous cases should be ascertained. If the former should reach 26 
per cent, of the total and 20 per cent, of the latter, then intensive preventive 
measures must be undertaken. 

The patients must be segregated in 8pc»cial areas near villages connected 
with a properly equipped centre. Infective cases in towns can bo isolated 
solely in institutions. General hospitals should be prepared to treat 
lepn^y in out-patient centres set apart for this purpose. Special research 
units should be developed, and special measures instituted for the care, 
segregation and observation of ctdldren with leprosy, l^opaganda and 
carefully planned special training are essential. 

A model leper colony is situated on Culion Island in the Philippines. 
It is a toTO with laundries, theatre wid schools where some 8,000 lepers 
were originally s^egated ; at the end of ten years the numbers had been 
reduced to 8,000 by natural causes atid almost 6omplete cessation of new 
infections. 

Since improvements have been made in the dietary, and intensive treat* 
meat has been given with ethyl esters of ehaulmoogra, especially good 
results have been obtained in children. 

In no country should lepers be permitted to beg iu the streets, keep 
shops, or handle food. 
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YAWS (FRAMBCESIA) 

Synonyms.— Pian ; Frarnboesia; Boubas (Brazil) ; Coko (Fiji) ; Parangi' 
(Ceylon) ; Dube (Gold Coast) ; Pumi (Malaya). 

Definition. — Yaws is a contagious inoculable disease, characterized 
by primary sore and indefinite incubation period, followed usually by 
fever, rheumatic-like pains, and the appearance of papules which 
generally develop into a fungating, encrusted, granulomatous eruption. 
Running a chronic course, it usually protects against a second attack. 
The disease is caused by Spirochcela perfenuis, and is controlled by salvarsan 
and bismuth salts. The organisms of yaws and syphilis are indistin- 
guishable and the lesions produced are extremely difficult to differentiate. 

History. — The first descriptions, by Oviedo, of what we know as yaws did not 
appear until the sixteenth century. Before this period allusions in the literature 
a;>[)ear to be mere surmises. Deductions from historical records suggest that 
yaws is of more ancient lineage than syphilis. It is clear that what we now know 
as syphilis appeared with dramatic suddenness at the end of of the fifteenth 
(*cntury and, as a new and devastating disease, spread rapidly over Europe. 
According to records, the disease broke out after the return of CVilumbus to Spain. 
Oviedo (1478-1657) was in Barcelona at the time, and in his Historia General y 
Natural de la$ IndiaSt he stated that it was contracted from Indian women by 
the Spaniards who accompanied Columbus, that it was brought by them to 
Spain, and transmitted to the army of Charles VIII. Las Casas (1474-1556), 
in his Historia de las Indias^ refers to a disease which was very dangerous to 
Spaniards, and was known as syphilis, being known in Italy as the “ French 
malady.** Dias de Isla, a physician practising in Barcelona in 1493, gives a very 
complete account and stat^ that it was unknown before that year, and that it 
was brought by the crew of Columbus on their return from the first voyage to 
Haiti. Dias himself treated several sailors from the squadron, including the pilot, 
Pinvon of Palos. 

In the autumn of 1493, Charles VIII of France invaded Italy with a rabble 
army. He captured Naples on Februaiy 22, 1496, but a new plague (syphilis), 
accompanied by severe skin lesions, broke out and necessitated the evacuation 
of the city. The spread of syphilis can be traced, according to Pusey (1933), with 
the dispersal of Charleses army throughout Europe. In 1497 it reached England 
and Scotland. In Japan it was not recognized till 1509 at Nagasaki, where it 
was attributed to Chinese and Portuguese sailors. 

Syphilis, when introduced into a non-immune population, as in Ugan^, in the 
nineteenth century, reproduced symptoms and manifestations recorded by our 
ancestors in the fifteenth ; under these circumstances there is little doubt that 
syphilis can act as a devastating epidemic. According to the far-reaching 
researches of such authorities as Virchow (1896) and Elliot Smith (1930), no 
syphilitic bone of pre-Columbiim origin has been discovered. On the other hand, 
Means (1025) and Williams (1932) Imve found the long bones of Indiaiui showing 
evidences of syphilis in primitive races in North and South America ; and the 
former found evidences of it in skeletons of the prehistoric mound-building 
Indians of Ohio. 

‘ Thii word mmm ** fofrisiwr/* » by the uaUm to tto Ewropewn tnvadow of Oylon. 
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It is known that yaws often occurred in epidemic form on board slaire ships 
and it may well* be that the disease has an African importation into the New 
World. Much has been written of the possible identity in former times of such 
diseases as the “ button scurvy ” of Ireland, “ sibbens ” of Scotland and “ rade- 
syge ” of Norway and Sweden. It may well be that during the seventeenth and 
eighteenth centuries they represented a severe form of syphilis. 

Recent views on the syjhUis-yaws qucstion,^la Jamaica, Turner, Saunders, 
and Johnson record that no car^ac disease has been encountered in yaws cases, 
and this has been confirmed by radi(^;raphic examinations. In their critical 
survey of yaws in that island, they brought forward several new points. The 
“ attack rate ” in adults is as great as in c^dren, and yet nothing like congenital 
syphilis has been seen in Jamaican babies, and this is held as strong evidence 
against the identity of syphilis and yaws. Infants and children in Jamaica are 
more liable to infection than are adults, and 90 per cent, of cases contract the 
disease before they are fifteen years of age. 

It may well be that yaws and syphilis have sprung from a common ancestor. 
In yaws it is probable that the sprochsete, under the more pimitive conditions 
of the tropics, has spread from man to man by intimate contact, whilst the 
63 qphilitic spirochflcte under more civilized conditions, where such contact is not 
possible, came to be communicated by the venereal route, thereby assuming a 
more virulent character and evolving (as do certain other spiroctotes) neuro- 
tropic strains. Intermediate forms between the two classical forms of these 
diseases, which are so closely related as to be zoologically referable as sub- 
sp^es,” undoubtedly have become evolved in time, as in the non-venereal 
childhood syphilis of the Arab tribes of the Euphrates and Iraq, known as 
“ Bejel ” (Hudson). This disease has been well described in D^-ez-Zor in 
Syria, where there is a high incidence of syphilis but very little gonorrhosa. 
This i^hiluB is spread by personal contact, is of low virulence, gives a positive 
Wassermann reaction, and ccHresponds to the endemic syphilis of Asia Minor 
described by von During. The most frequent lesions are in the mucous mem- 
branes of the mouth ; but in other respects — ^in the special affinity for children, 
and in the production of hyperkeratosis and depigmentation — it resembles yaws, 
and eirdnate lesions of the soles of the feet, resembling crab-yaws, are common. 
Depigmentation of the dorsum of Hie hands resembles that described by Laoapde 
in Morocco, but Hoff and Shaby state that meningo-vascular lesicms may still 
be observed amongst these peoples. 

Geographical dlatrilmtloii. — Yaws is common in tropical Africa, 
West Indies, Ceylon, Pacific islands, Papua, the East Indies, and the 
itaiay States. In India and China it appears to lie rare. Children in the 
West Indies and Fiji are esp^ialljr haole. During recent years it has 
l>ecome extremely pi^alant in Kenya Colony, Tanganyika Territory, 
and Uganda, where it is spreading with great rapidity. On the other 
hand yaws has disappeared to a great extent from Guiana, Ceyl(m and 
Barbados, where it was previously extremely rile. 

E^denriolo^ aiid ei^emiol^ C<mlagim<mdhmdiiy.—k^ 

18 highly contagious, all circumstances favouring contact with the subjects 
of the diseim favour it. Simple skin-ecmiaet does not suffice ; a tffeach 
of surface is necessary. The knowledge that the secreiians from yaws 
lesions could transfer the disease to another person was well known to 
t^ ^ves rf t^ West Indies, and they practised aalo*inoealatkAi in thidr 
children who did not idiow a gfunurali;^ erupikm, 

Til© d i s e ss e freqpisiitly oomiiiefices in a pre-extsHi^ nicer, the otgeidsia 
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(spirooluBte) being conveyed by flies to the previously lacerated surface (p. 978). 
Cases originate in certain dirty houses, the virus £^m previous yaws patients 
seemingly impregnating the floors and walls of the filthy huts. In this manner 
the diseaM may be, and in some cases no doubt is, acquit without direct trans^ 
ference from an existing case. In some countries, as in Ceylon, yaws is a disease 
of the flat, low-lying districts, while practically absent ^m the hill country ; 
in Assam, on the other hand, it is more common among the hill tribes than among 
dwellers of the plain. Ramsay has shown in Assam that native hill people, who 
only exhibit obscure lesions, such as condylomata, while living at high altitudes, 
develop florid yaws when they come down to the plains. In Jamaica, Saunders 
and Kumm have emphasized the importance of rainfall and geological formations 
on the distribution of 3 raw 8 . Wherever there is porous limestone there is little 
or no yaws. 

Yaws is neither hereditary nor congenitid. A pregnant mother sufiPering from 
yaws does not give birth to a child suffering from the disease, nor one which will 
subsequently develop yaws, unless the virus be first introduced directly through a 
breach of surface after birth. It is not wnveyed by the milk ; nor does a suckling 
suffering from yaws necessarily infect its nurse. 

This statement should be qualified by the well-known fact that a syphilis- 
infected mother does not inevitably transmit the disease to her offspring, and if 
she does transmit, she may do so irregularly, not to one child, but to the next, 
and to one only of twins. 

Although two-thirds of the cases in the West Indies, Pacific Islands and Ceylon 
occur before puberty, no age is exempt. In Jamaica the peak of the infection 
rate is about eight years. No new infections are found after thirty. Three males 
appear to be infected to every one female. It has been frequently remarked 
that yaws shows a predilection for certain native races. On the whole, the negro 
and negrito stock is specially liable to severe attack. 

Yaws at the present day shows a striking limitation to the tropics, but it is a 
disease so readily oommunioable by direct contact that it seems remarkable that 
it does not BprMMi in temperate regions. In the tropics yaws is limited to low 
l(*vel areas, and to rural districts with primitive sanitation. In Haiti, for in- 
stance, yaws is the disease of distant villa^, and syphilis with chancre is common 
in the main town. In the Philippines the same is true : in the country, yaws ; 
in Manila, S 3 rphili 8 . 

Etiology* — In 1905 Castellani demonstrated in scrapings of yaws tissues an 
extremely delicate sfnrochsste — Spirockaeta pertenuis — very like that of syphilis. 
To demonstrate this spirochiete, slides should be prepared from scrapings of an 
incised yaw papule before it has ruptured. The films may then be stained with 
Oiemsa, or made by the indian-ink method ; better still, the living parasites may 
be detected in fresh undried films by darkground illumination. A fully developed 
yaw is unsuitable, because it has bMn exposed to external sousoes of contamina- 
tion and a variety of organisms will be present and may confuse the observer. 
Dobell and o^m have been unable to distinguish any structural differences 
bc^tween this spirochiete and 8, paUida of syphilis (Fig. 228, 5, p. 864). 

8, pertemii$ has been found in the spleen, lymphatic glands, and bonemarrow ; 
doubUees it also ooours in the blood. It is inoct^ble into monkeys and rabbits ; 
in the former, especially in the orang-outang, it gives rise to lesions similar to 
those in the human subject, 

OuHlyaliaii of S. perkmtU was successfully performed by Noguchi in asoitio 
fluid oontafoing a pimoffresh animal ris8ue,su^ as the kidney, the whole being 
(^<’^^cred with a layer eff sterile paraffin. This rather complicated technique 
^ been stoplifled by ^ later of Hata, who substitute hone-serum, the 
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inoculation being made through the upper solidihed layer. Strict anserobioeifi is 
necessary. 

Kumm has brought forward strong evidence that in Jamaica, at any rate, 
a minute fly, Hippdates paUipes, carries the spirochsete from one person to 
another. He col^ted the flies at the rate of 5,000 per hour from one ulcer ; 
they crawl under the scab and ingest large numbers of 8, perienuist which are 
afbeiw^ards regurgitated, ff, paUipes is an oscinid fly having peculiar mouth- 
parts, with projecting spines on the pseudotracheae and labellae (see p. 985). 

InocvJaiion tnto monkeys, — The most extensive and minute observations of 
Schdbl on Cynomolgus phUippinensis with emulsified extracts of yaws lesions 
containing 8, pertenuis deserve mention. The injections were made on the 
nose, eyebrows and scrotum. From three to five weeks after inoculation, papules 
appeared, corresponding to the typical yaw. Later, they spread peripherally 
like the ring-worm form of this disease. The disease in the monkey on first 
inoculation runs its course without developing into diffuse secondaries, but 
generalized yaws is produced by superinfection. Other late manifestations, such 
as lupus-like ulcerations and keratoderma of plantar surfaces, resemble those 
seen in man. 

Human inondalion. — The fact that the disease could be transferred by secretion 
from yaws lesions was well known to the slaves in the West Indies. Charlouis 
and others have inoculated yaws patients with syphilitic virus and have pro- 
duced a chancre at a site of inoculation. Schdbl considers that 8. pallida is 
panblastotropic with a tendency to invade and multiply in all tissues and produce 
lesions, but is mesoblastic in its tendencies. Syphilitic lesions are found in the 
skin, mucous membranes, bones and muscles, viscera and nervous system. 
The Bpirochsetes invade the cardio- vascular system and enter the placenta, 
giving rise to congenital syphilis. Tlie yaws spirochsete is epiblastotropic, 
invading certain tissues, particularly the skin and bones ; the nervous and cardio- 
vascular systems are not usually invaded and the disease is not congenital. It is 
suggested that in the few instances in which lesions of the internal organs and 
cardio- vascular system have been reported, co-existing syphilis has not been 
rigidly excluded. 

Yaws, nwreover^ shows a striking limitation to the tropics, and the effect of climate 
. upon it is such that it does not spread in temperate climates from cases which are 
introduced. It is more common at low altitudes and in areas with higher rainfall. 

Yaw's spirochaetes are unable to penetrate unbroken skin surfaces. Auto- 
inoculation may occur during the ^ly course of the disease in man ; the infection 
may spread to other parts of the skin, but mucous membranes are not invaded. 

Other animal inoculations, — Nichols originally showed that yaws, like syphilitic 
lesions, can be produced in the testis of the rabbit, though the incubation period 
is shorter. Pearce and Brown observe, in intratesticular inoculation with 
8, pertenuis in the rabbit, a granular and finely nodular periorchitis, a leaion 
different from that of 8, pallida. Turner and Chesney in Haiti found that in 
rabbits injected with 8, pertenuis the testicular lesions consisted of miliafy 
g^hulee in the tunica and epididymis, but that general eniargenmnt and indura- 
tion (so common after inooulaticm with 8, pallida) do not occur. 

Pathol<H0^.— >A feature of yaws lesions is the great thickening of the epidermis 
and deg^eratkm in the epithelial cells. In later stagea there may be hyptw- 
keratoius. The elongated papillie are vascular, and are infiltrated with lymriio- 
cytes ; leucocytes and plasma cells are also numerous. In oontimst with syfmilis, 
pedvssoalsr infiltraikm in the oorium is absent, and iheio is no endarteritis 
as in syphilis. Dupont and Dubois describe the primary leskm as an i^iidemiic 
paimfe of which the centre becomes necrotic and leads to ulceratkm. Oeinkr 
innltoaricm is Hmited. In contradistinction, the syphilitic chancte eeodss the 
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epidermis and extends more deeply. In secondary yaws large rapuks are 
formed by inflammatory infiltration with hypertrophy of the epidermal ridges. 
In the gummatous stage the essential feature is dominance of the epithelioid 
elements in the infiltration. 


Symptoms. — As in syphilis, the symptoms of yaws can be divided 
into three stages — primary, secondary, and tertiary. 

Primary lesion {ntadra buba or “ mother yaw ”). — According to 
Sellards the incubation jmiod in experimentally-inoculated yaws in man 
is three and a half to four weeks ; in experimental apes it may be as long 
as three months. Naturally-acquired yaws is reputed to have, as a rule, 
a longer incubation period than the inoculated disease. The primary 
lesion may appear as a granuloma or a papule at the site of inoculation, 
1-7 cm. in diameter, and is known as the “ frambcesoma.*' It may develop 
nt thi* site of some old skin lesion. It is 


ordinarily extragenital, but may be 
situated on any part of the body : the 
buttock, thigh, knee, leg, arm, breast, 
or lip (Fig. 90), but is rar<^ on the scalp, 
rhe lower part of the leg is the site of 
proililwtion ; the breasts of nursing 
women and the mouths of suckling 
babies ore not uncommon sites. In Moss 
and Bigelow’s large serit^s the genitalia 
were the seat of the primary lesion in 
only 1 per cent. In native women it is 
fre(juently obst^rved at the bend of the 
elbow, or on the hip, and is contracttMl 
in this situation from carrying children 
who are infected with the dist^as<\ The 
primary lesion may be so small as to 
escape detection ; it may Ik* single or 
multiple, and, in fact, great difficulty 
may be experienced in differentiating it 
from allied cutaneous lesions, but, as a 



Fig. 9®.— Primary yaws sore on lips 
of Australian aborigine child. 

{Dr, //. Basedow, Adelaide) 


rul(\ it is nunarkably persistent, lasting 

from two to four montjis, and it may persist for a year or more. 


According to the Jamaican Yaws Commission, the primary lesion is 
found on the lower extremities in over 70 per cent, of cases. In 39 cases 


it was found : — 


On head, face and neck in 1 
On upper extremities „ 4 

On genitalia „ 1 

On leg „ 12 

On ai^le and foot „ 21 


The lesion, on becoming larger, becomes covered with a yellowish 
secretion or scab. It is at this st^e known as tlie “ mother or master 
yaw,” the ” mama pian of the French. In ordinary locations yaws 
lesions are not painful, unless firmly pressed. 
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The appearance of the lesion is preceded by a certain amount of con- 
stitutional disturbance. The int^isity of the generd s 3 rmptom 8 varies 
within wide limits ; sometimes they are hardly perceptible, so are not 
complained of, but usually there is well-marked malaise with rheumatic 
pains. Occasionally there is severe constitutional disturbance lasting 
for about a week, with rigor, smart fever (100® to 103® P.), persistent 
headache, pains- worse at night — ^in the long bones, joints and loins, 
and sometimes gastric disturbance and diarrhcea, especially in children. 
The lymphatic glands in the immediate vicinity become enlarged. During 
the decline of these constitutional symptoms the secondary eruption 
appears. The Wassemiann reaction bcmmes positive three to four weeks 
after the primary lesion and rapidly grows stronger in titre. 

Sbcondary stage. — This is ushered in by a fine, light-coloured fur- 
furaceous desquamation. The skin becomes harsh and dry, loses its 
natural gloss, and here and there patches of desquamation (best appreciated 
with the aid of a hand lens) are fonned. These patches are mostly small 
and circular ; occasionally they are oval, irregular, or form rings encircling 
islets of healthy skin scattered irregularly over limbs and trunk ; sometimes 
they are almost confiuent, the patches coalescing and making the skin 
look as if it had been dusted over with flour. On the other Imnd, this 
lurfuraceous desquamation may be so slight as to be overlooked. In 
some instances the heaping-iip of desquamating epidermic scales produces 
white depigmented patches, very evident on the dark skia of a negro or 
oriental. 

This patchy, furfuraceous condition of the skin may persist throughout 
the attack, or may reappear as a fresh eruption at any time in the course 
of the disease. It has b^n described by Schobl and Sellards as “ keratoid 
exanthem ” in artificially-inoculated yaws. 

Appearance of the yaw (Pig. 91). — WTien the furfuraceous patches have 
been in existence for a few days, minute papules appear in them. This 
veiy ch^aeteristic eruption, from which the disease takes one of its names — 
frambeesia (or faspberry ) — breaks out three months after the primary 
lesion. These secondary lesions may vary in ske frojn a pin’s heid to 
half a crown and, according to Spittel, begin around the primary sore 
(“ mother and daughter yaw ”). The itching is usually considerable. 
As in syphilis, the eruption may be v^ pleomorphic ; it may be roseolar, 
or consist of macules with desquamation reaemblmg a squamous fnrphiUde. 
It may appem* on any part of the body, especially in exposed situations 
and on the anterior surface. The papules occur in groups, the laigsr 
appeiuing to be surrounded by a poup of satellites, whfeh has given 
rise to the various native designations for yaws. Auto-moeulaticm is 
prol^bly responsible for the appearance of these lesiofits in symmetrical 
fashion, whoever the skin or mucous surfaces come into intiniate contact ; 
they are present at the angles of the month, in the axillis, in the anal 
cleft, and in the inguinal region ; in ornitradistinetion to fyphilii» fliey 
are^ rarely present on the true mucous surfaces, but Cften in dusters,/ — ^ 
tndde the nostriL Several of the groups may coalesce to cover a 
surface. 
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The yaw is pushed up from the rete Malpighii through the homy epi- 
dermis, which breaks over the summit and splits in radiating lines from 
the centre, the necrosed segments curling away from the increasing papule. 
Soon a yellow point appears afound a hair iollicle, consisting of a cheesy- 
looking substance which cannot be wiped away, unless undue force is used. 



Flf« f f*— Seceadanr y«wi la a Malay boy, Om Clark.) 


From this stage the papule may either cease to grow> the apex becoming 
depressed* or may go on to form the typical yaw. In the latter case the 
lesion gradually grows into a rounded excrescence, the yellow material 
at the top widening out so as to form a complete cap encrusting the little 
tumour. !1^ smidlar tumours mre hemkpnerioal ; the larger are more 
fattened* mr even depreei^ at ttie oentrCf possessing everted, somevdiat 
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overhanging, rounded edges. Occasionally, though rarely, a big yaw may 
include an area of soimd skin. 

The firmly adherent crust which caps and encloses an uninjured yaw 
is yellowish, granular, blotched with blood-stains and encnisted dirt. 
Deprived of its crust, the little swelling is seen to be red, generally smooth 
and rounded on the surface, and oozing pale yellowish serum in which 
spirochsBtes may be demonstrated ; when inspissated, this serum forms a 
fresh cap to the yaw, and on microscopic examination is found to be 
teeming with the organisms. According to size, it stands out anything 
from J to I in. above the surrounding healthy skin. Pus, unless a con- 
sequence of irritation, is not, as a rule, found under the crust. 

Although the formation of the papules and yaws is attended with 
much itching, the yaw itself is not at all sensitive ; the tumour may 
be touched, with acid even, without causing pain — a diagnostic point 
of some importance. Sometimes, as in syphilis, the eruption has a circinato 
character, the so-called “ ringworm yaws.” The itching of yaws lesions 



1%. f2.<— Tertiary yaws ttkeratloii on forearm of Byropean. 


is a point of differentiation from syphilis, but, as Blacklock has pointer] 
out, native races are exposed to insect bites and dirt. 

The yaw usually attains its maximum development in two weeks. For 
several weeks longer it remains stationary before b^imiing to shrink. 
The emst ihm thins, shrinks, darkens, separates at the periphery, and at 
last falls off, disclosing, at the site of the .former fungatiiig mass, a slightly 
thiekaii^ spot of fairly sound skin, which, tboii(^ pale at first, may sul^ 
sequ^ly hyperpigmented. 

Sometimes the seconds^ rash takes on a papular appearance, when 
fhe lemons are known as V acuminate papules." These are symmeiricallv 
distributed over the back, shoulders, arms, elbows and knees, and murii 
resemUe a foUimdar syphilide. S^ndary lesions may last from six 
mcmtlii to a yeiur. Sammianeously with tiie eruption, as in secondaiy 
* *1is, there ma^ be a uniform, painleis enlai|pnnant of the lymplhttic 
s, in the aspirated lymph of which the spemfic miero^ganism may 
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be demonstrated. When the lesions subside, pigmented spots remain, as in 
secondary syphilis, and are specially noticable on the palms of the hands. 

Lichenoid eruptions. — TAchen Jramhcesianus (“ Pian datre ”) is a 
lichenoid generalized eruption of the skin defwjribed by Dutch writers in 
the East Indies. It is a micropapular eruption which is very striking in 
appearance and is not associated with yaws papules. It is, of course, 



Fig« 91.— TerHa^ yaws. Onychia of fingers. 


analogous to secondary lichenoid eruptions in syphilis, and must l>e dis- 
tinguished from other lichenoid eruptions, such as lichen ruber planus, 
lichen pilaris and lichen scrofulosorum. It is now generally recognizeni 
as an early secondary manifestation in children and young adults, the 
«anie condition as been described by Nicholls as “ furfuraceous 
desquamation and by German writers as the early frambcssiform 
e fflorescence. The lichenoid emotion is Mt to occur in patches over the 
dioulders and, according to Deiljel and Elsbach, there is a tendency to 




Rg. #4 .— FmI )wn, M- ** craft ram.” {Dr. J. D. Rtti.) 


of beoooung abmbed, break down and ulcerate, the oloeration, which 
may last for yean, b^ng confined to the yaw itsdf. In other inalanoee 
nlceiation goes deeper and extends coeumfereiitiaQy, ^ing rue to 
mctcnsiTe sores with sabsequent cicatrical contractions. Sdch ulcemtions 
occur in about 8 per cent, of eases uid may or may not be «nerosted. 
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(Fig. 92.) With the development of the deeper and wider forms of ulcera- 
tion, the typical lesions of yaws may disappear for a time, or perhaps 
permanently. In the latter case the ulcers are said to be non-infective. 
Ulceration of the greater part of the limbs, especially the leg and ankle, 
may take place. Tertiary manifestations are seldom observed in cases 
which present late secondary lesions. The serum of these cases gives 
positive Wassermann and Kahn reactions, but the cerebro-spinal fluid, 
in cases of advanced ulceration of the nose and other parts of the body, 
gives a negative reaction with a normal cellular and biochemical picture. 

Lesions of the hands . — A scaly condition of the palms of the hands may 
persist for years. Multiple dactylitis, with uniform swelling of the 
phalanges, onycliia, paronychia, atrophy of the nails, and subsequent 
deformity, is often obsen^ed. ' 

IHIIIHIHIBIIHH 

parangi — Ceylon 

— West Indies). — 
develops on 
causes sufler- 
down by 

ttiH epidermis. 

the 

biH*onte large. 
a the over 

the 

up a fashion 

thus 

the fungates, 

yaws 

lifetime after infection 
childhood. Chosterman 
geests that in the foot lesions a 

fixHf ion point for S. p^muit i« ,5.-(U«gott In an Australim 

fonutHl. A condition known as al^origlne. ,{Dr. H. Basedow, Adelaide.) 

“ clavus ’* in Dominica results 

from thd healing of these gramilomata ; the centre of the core drops out, 
leaving an irr^lar erosion of the sole of the foot, or thert may be deep 
lissures or cracks. Similar pitting occurs on the palms of the hands. 
According to Sayers, this is the commonest k^sion of 3 'aw 8 in the Solomon 
Islands, and causes great disability, especially in children ; when bilateral 
it incapacitates them from walking. 

Gawpm (derived from tha Spanish meaning “ muffled voice ”), or 
destructive ulcerous ihino-pharyngitis (Fig. 96), which is now generally 
regarded as a sequel of yaws, usu^y commences as an ulcer on the soft 
palate. Slowly spreading, it may make a clean sweep of the hard palate, 
the soft {Murti, cartilages and of the nose, sparing the upper lip, 

which is Ibft as a biidige across a great chasm, the floor of which is fonuM 
^ 'y the intact loi^e^ A most offensive odour is given off from the ulcerated 
39 
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surface. The disease may be arrested spontaneously at any period of its 
progress, and long before such extensive mutilation as that described has 
been effected ; but it is always a longstanding and chronic affair and may 
linger as an indolent ulceration for years. As a rule, the larynx is spared ; 
but although phonation may be retained, articulation is seriously impaired. 
Gangosa occurs at any age, but is rare in young adults, though Leyes 
states that in Guam he has seen it in children of 8, 4, and 9 years of age. 
It is very common in parts of the West Indies (Dominica, ^ cases in a 
population of 2,000), Guam (1*5 per cent, of the population), the Carolines, 

Fiji, Ceylon, British Guiana, and West, 
Central, and East Africa. It is often found 
associated with the lx»ne lesions of yaws. 

Goundou, or AndkhrS (“ Gros Nez ”). — 
In 1882 MacAlister drew attention to 
what were termed the homed men of 
Africa, and in 1887 Lamprey gave further 
details illustrated with drawings. The 
natives call the disease goundou and 
anikhre. Later observations show that 
it has a wide distribution in Central Africa 
and South America, and that a similar 
disease occurs in the larger apes, chim- 
pauses, and baboons. An ancient Inca 
skull from Peru, described by Letulle, 
shows the characteristic lesions of 
goundou. 

Stannus and Hamerton have shown that in 
the apes the hyperostosis is probably the 
after-result of osteitis cystica. 

Goundou usually commences during 
childhood, although adults may be 
attacked. The earliest symptoms are 
severe and more or less persistent head- 
ache which, after a time, is associated 
with a sanguino-punilent discharge from 

the nostrils, and formation of symmetrical 

swellings the size of a small bean at the 
side of the nose. Apparently the swelling 
wects the nasal process of the superior maxilla. Tlie cartilages are not 
involved. After continuing for six or months, the headache and 
discharge subside. The paranasal swellings persist, mid continue slowly 
and steadily to increase until in time th<y may attain the size of an orange, 
or even of an ostrich*s egg. As they grow, tibe tumours, encroaching 
on the orbits, may interfere with the line of vision and finally destroy 
the ejres. In severe cases there is a g^eral diffuse hyperostosis of the 
anterior part <rf the maxilla. There is no pain in the tumours themselves. 
The su^eqac^t skin is healthy and fremy movable. The tumours are 
oval, with the long ax^ directed downwards and slightly from within 
outwards (Fig. 96). The nostrils are bulged inwards and more or less 
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obstructed. The hard palate is often affected, resulting in the most hideous 
deformity. General glandular enlargement may be noted. Trauma 
seems to predispose to the development of goundou. 

A case of goundou associated with tertiary syphilis was described in London 
by Sharpe. The patient had never been in the tropics. The lesions resembled 
the paranasal swellings so characteristic of goundou. 

According to recent accounts, cases of goundou in Jamaicans invariably give a 
positive Wassermann reaction. 

The bony outgrowths, not necessarily bilateral, are attached to the nassd 
bone and nasal process of the maxilla, but, according to Botreau-Roussel and 
Clapier, they are not entirely confined to this region ; a similar hyperostosis may 
co-exist on the tibia, upper or lower jaw, forearm, femur, or clavicle. There is a 
general opinion at present that goundou is a systematized hypertrophic osteitis 
connected in some way with yaws. 

The bony changes of goundou consist of hyperostosis, which may be limited 
to the ascending or nasal processes of the superior maxilla, or be more widespread 
and affect the other bones of the skull as well, with an ever-present tendency to 
the formation of bosses of overgrowth and to the obliteration of adjacent cavities. 
The underlying pathological process is an osteo- periosteal dyscrasia, and the 
end-result is the production of finely-porous bone. 

As yaws and syphilis are so closely allied, it might be expected that similar 
Unions might be found in the generalized osteitis of syphilis, but there appears to 
be very little evidence of it. There is very little difference between the bony 
changes of goundou and those which have bc^en called Ipontiasis osaea, and. 



Flf . 97.— Diftoitloii of fhif m in tertiary yaws. 

aocording to Stamuia, bjmroatoaia of the facia! bones has also been recorded in 
Paget*a diaaaae- -osteitis ^ormoM. According to modem knowledge, it seems 
possible that goundoa is more akin to due to interference with the 

hony metaboSam and an endocrine disorder, and it may well be that in tUs 
instance yavra oom^tutea the non-apeoiic &otor acting on an ill-fed native child 
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population. Goundou-like swellings in horses, monkeys and young pigs oach- 
erie osseuse ”) point to osteitis fibrosa as the initial sta^ of this condition and aU 
changes between cystic disease of the bones and hypertrophic exostosis can be 
traced in a series of skulls. 

Treatment consists in incising and displ^ing the periosteum and 
chipping away the bony outgrowth with a chisel. Early cases, according 
to Botreau-Roussel, yield to intravenous and intramuscular injections 


9S.— Tftlil perlotteal flodes, iitcm, afit demmity of 
, fhtimgei in yaws. 

of neosalvarsan, four or more injeetioiifl being necessary before improve-* 
ment is observed. This obser\^<^ operated with success upon 118 out of 
180 cases observed on the Prendi Ivory Coast and the reader is referred 
to bis mcmograph (Masson et Cie., 1926) for furtiier information. 

Pcrtosifis, osieiUs and epijhymHt (Kgs. 97, 98, 99). — Circumscribed 
painful periosteal nodes me frequency found on the mitmior aspect 
of the long bones, especially the radius, ulna, and tibia. The swelhngs 
are hot and exquisitely tender, and the supeijaceni skin is tense ai^ 
stretched. Aftm: the subsidence of the aeu^ stage, hard, firm periosteal 
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nodes remain. A diffuse osteitis may result in a sabre-shaped deformity 
of the long bones, especially the tibia and occasionally the arms and fingers. 
A rarefying process is also at work, for such bones are subject to spon- 
taneous fracture with resulting malunion, accidents which are common 
in districts in which yaws is endemic. Hackett, who has studied the sabre- 
shaped tibiae* of the aborigines of Australia, believes that syphilis does not 
occur among these peoples, and that the bone lesions are due to yaws. 
Colloquially known as “ boomerang leg,” the defoniiity is an antero- 
posterior curvature below the knee with a forward convexity; occasionally 
there are bosses of localized periostitis. Radiographs show that areas of 
rarefaction appear early, and the bone becomes deformed. The appear- 
ances depend upon the severity of the initial lesion and the time which 



Fig* 99 , — Sabre-like deformity of tibia, radius, and ulna, and multiple cutaneous 
ulcerations in yaws. 


has elapsed since the onset of the diseastn Other lesion of yaw^s, including 
gangosa, have been noU'd in Central and Northern Australia. A chronic 
periostitis of the clavicle is frequent in Fiji. These bone changes are 
accompanied by intense rheumatic pains, and have received distinctive 
names, such as ” sasala.” 

Juxta-articular nodtdes , — Fibrotic tumours situate over the olecranon, 
the lower end of the femur, and in other situations on the long bones, are 
now regarded as a tertiary phenomenon of yaws. Formerly they were 
regard^ as constituting a disease sui generis, but those cases whic^ have 
l>een investigated invariably give a positive Wassermann reaction. Origin- 
ating subcutanepusly, these noduk^ may reach the size of a small orange 
(Fig, 100). They are remarkably painless, and very rarely ulcerate or 
suppurate. Juxta-articular nodules are generally multiple, and usually in 
the neighbourhood of the joints, but, according to Steiner, may occur 
scattem over the body. Similar lesions have been described in tertiary 
^hilk, and the Spirocheta paUida has been isolated from them (Hu and 
^zier), while Hudson found the same nodules in ” bejel,” the non- 
venereal qrplulis of the Arabs, among whom they occur in 2*1 per cent. 
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of the adult male population and are known locally as “rik.** According 
to Frontoynant and Girard, they contain uric-acid crystals. In Africa they 
are apt to be mistaken for Onchocerca volmdua cysts. 

Skin lesions* — Healing of subcutaneous gummata is frequently followed 
by depigmentation of the skin, resulting in light-coloured or leucodermic 
patches, especially visible in native races. A macular depigmented 
exanthem limited to the hands, wrists, feet and ankles is pathognomonic 
of yaws and was first described by Ziemann as “ melung.’* 

After effects. — Contractions resulting from scar tissue may lead to 

partial ankylosis of joints, in severe 
cases to the destruction of lymph- 
channels and to the production of 
elephantiasis in the affected limb. 

Synovitis. — Chronic synovitis, analo- 
gous to that of tertiary syphilis often 
associated with bone lesions, and, it may 
l>e, with disorganization of the joint, 
has been recorded. 

Ganglion^ and other lesions. — The 
frequency of tenosynovitis and ganglion- 
formation in the r^on of the wrist was 
noted by Graham, Moore, and other 
observers. These ganglia *are usually 
associated with tenosynovitis and, as 
extra proof of their origin, they lK)th 
r^pond in a remarkable manner to 
treatment with neosalvarsan and bis- 
muth. Stricture of the mouth due to 
tertiary yaws has been recorded. 

The general health. — Except during 
the initial fever, or during one of the 
recurring febrile relapses, the general 
health is not, as a rule, affected. 
Occasionally, however, there are debility 
and cachexia ; or there may be enlarge- 
ment and tenderness of the lymphatic 
glimds. In other instances rheumatic 
pains may be very severe. 

I nun ii ni ty. — After the subsidence of the secondary stage immunity 
is produced, but Sellards and Goodpasture demonstrated that this is relative 
only, for they successfully re-inoculated mth the disease patients who had 
undergone a course of salyarsan treatment. Apparently, saturation of a 
community with yaws virus produces a relative immunity to syphilis. 
On these grounds may be expired the well-authenticated fact that syphilis 
is absent ammigst the Pdynesians of !^i, Tonga and Samoa, in whom yaws 
is specially prevalent. Formerly Pgians were in the habit of inoculating 
their children against yaws to protect them from subsequmit attacks. As 
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far as accurate experiments have gone, immunity in syphilis is acquired 
much earlier than in yaws. 

Duration and recurrences. — ^Yaws lasts for weeks or months or years, 
its duration depending on general health, idiosyncrasy, hygienic conditions, 
and the treatment. Mild cases in healthy subjects terminate in about 
six weeks ; though the average duration of an attack is estimated at about 
one year. In other instances, especially in the debilitated, the disease runs 
on for months, successive crops of eruption being evolved. Sometimes 
these recurrences may stop short at the stage of desquamation, or at the 
papular stage, or they may proceed to the formation of typical yaws. 
They are usually preceded by feverishness, pains in the bones and joints, 
and the successive crops may either be limited and partial in their distribu- 
tion, or general. 

Sequelae. — Contrary to general opinion. Harper in Fiji believed that late 
manifestations of yaws occur as in syphilis and that they produced neurological 
conditions resembling those of locomotor ataxia and general paralysis. Lambert 
recorded in the South Pacific 42 Melanesians and Polynesians who died in Samoa 
of G.P.I. ; furthermore, aneurysmal dilatation and aortic jiisease were com- 
paratively common. 

Chossier, in routine post-mortems in Haiti, found aneurysms and other 
arterial degenerations in chronic yaws, but more recent writers (Blacklock), 
in assessing the clinical differentiation of yaws and syphilis, have once 
more remarked upon the comparative rarity of visceral and neurological 
k»sion8 of the latter amongst native races. In yaws the Wassermann 
reaction of the cerebrospinal fluid has been generally found negative, 
especially in the ti^rtiary stages. Chesterman emphasized the comparative 
frequency of new growths following yaws and has recorded melanoma, 
implanted upon crab yaws of the foot. 

Mortality. — Although in the literature reference is made to deaths 
from yaws, yet, judging from the statistics collected by Nicholls, the 
mortality must he small indeed. 

Diagnosis. — A painleas, insensitive, larger or smaller, circular, encrusted 
red, granulomatous excrescence occurring in an endemic district is almost 
(M^rtainly yaws. The most important point about yaws, both in diagnosis 
and in aetiology, is its relationship to syphilis. Both diseases may occur 
in the same individual (Powell cites two cases, and Charlouis two, of syphilis 
supervening on yaws) ; and antecedent syphilis certainly does not confer 
absolute immunity to yaws, nor antecedent yaws to syphilis. The serum 
in both diseases gives a positive Wassermann reaction. Yaws may die 
out in a community, as in British Guiana (Daniels), yet syphilis remain ; 
yaws may be universal in a community, as in the Fyians, Tongans 
and Samoans, and yet true syphilis, whether as an acquired or as a con- 
genital disease, be unknown. In yaws, Hutchinson’s famous syphilitic 
triad — the characteristic notched teeth, nerve deafness, and interstitial 
keratitis — are absent. 

Table IX diows the main points of differentiation. 
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Tablb IX 

Yaws 

Not oongenital. 

Primary 9ort — extragenital. 

Secondary Maye 


(а) Typical yaw pathognomonic ; fur- 

fdraoeous desquamation and 
plantar lesions characteristic. 

(б) Mucous membranes not affected. 

(c) Itching common. 

(d) Alopecia unknown. 

(e) Eyes unaffected. 

Tertiary stage 
{a} Visceral lesions absent. 


(6) Nervous system not usuaUy 
affected. 

(c) C.S. fluid always negative Wasser- 

mann (Fischer; Turner, Saun- 
ders and Johnson). 

(d) Blood-vessels : no endothelial pro- 

liferation as in syphilis. 

Yaws better resisted. Constitutional 
disturbance slight ; great exuberance 
of eruption and cheloid scarring. 

Dom not respond to mercury. 


Syphius 

Congenital. 

Primary sore — usually genital. 
Secondary stage 

(a) Seldom imitates fhtmbcesia. 


(b) Mucous membranes affected. 

(c) Itching rare. 

(d) Alopecia may occur. 

(e) Iritis common ; choroiditis and 

retinitis rare. 

Tertiary stage 

(a) Visceral lesions occur, e.g., peri- 

cellular cirrhosis, gumma of 
liver, kidney. 

(b) Nervous system liable to in- 

fection : tabes, G.P.I. 

(c) C.S. fluid usually positive Waseer- 

mann. 

(d) Endarteritis obliterans of viscera 
* — cerebral thrombosis. 

Syphilis attacks constitution, affect- 
ing the vital structures. 

Responds well to mercury. 


Secondary yaws may have to be differentiated from bromide raahes. 


Tueatmbnt 

General measures. — All are agreed on the propriety of endeavouring, 
by good food, tonics and occasional aperients, to improve the general 
i^Ith. Most are agreed on the propriety of endeavouring to procure a 
copious emption by stimulating the functions of the skin — by warm 
demulcent drinks ; by a daily warm bath with plenty of soap ; emd, 
during the outcoming of the eruption, by such diaphoretics as liquor 
ammonias acetatis and guaiaeum. Warm clothing is indicated. In crab 
yaws a local application of 2 per cent, tartar-emetic ointment in vaseline 
is very useful. 

I. SalvarsaUt ueosalvarsan (Neoarsphenamine^). — ^Except where 
much bone destruction has taken place, salvarsan, or letter stiU its more 
recent and more soluble derivatives, has an almost magical curative effect 
upon yaws in every stage of the disease. The most generally used drug 
at tihe present time is neosalvarsan (neoarsphenamine). It is given intra- 
venously to adults* and, if possible, to diildren ; or intramusculariy 
(0*4 gnu* dissolved in oil, into the buttock). The more urgent sjrmptoms 
yidd much mme rapidly than do tiiose in syphilis, and relapses are not 
so common. Smee ^ introduction of salvarsan the natives of the Congo 

< ^ mscaaub eto tem§ mpbmmmtoe mad amMUtplimmiii* m ghwn m il 
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dislike being treated until the secondary rash is well out. For adults 
the intravenous dose advocated is 0*6-0*9 grm. ; for young adults 0*6 
grm., for children up to ten years of age 0*8 grm., and for children under 
two years, 0-1 grm. 

The systematic use of neosalvarsan in a yaws community would, if 
thoroughly carried out, promptly get rid of the endemic disease, and, 
wherever possible, it should be enforced. The average time to effect a 
clinical cure is eleven days. In Samoa it has been found necessary to 
give three injections of 0*6 grm. of neosalvarsan, at weekly intervals, for 
an adult male, and appropriately smaller doses for women and children. 
Babies are treated by intramuscular injections. Moss in San Domingo 
found that the cure after three injections is permanent. The great 
objection to mass treatment of native populations with the salvarsan 
compounds is their prohibitive cost. Apparently, mercury and potassium 
iodide have little therapeutic action in yaws of adults as compared with 
syphilis, but in breast-fed children these drugs will cure the infant through 
the mother’s milk. 

II. Bismuth. — The successful treatment of syphilis by Fournier with 
sodium-potassium-bismuth tartrate led to the adoption of a similar 
method in yaws. The considered opinion of workers is that none of the 
many bismuth preparations can be said to take the place of the synthetic 
arsenicals in African yaws and syphilis. The most active form appears 
to be the sodium tetra-bismuth turfrcUe in both secondary and tertiary 
yaws. 

All preparations act more efficaciously when given in the early stages. 
Injections should l>e made deep into the subcutaneous fascia, and 
occasionally some induration and abscess-formation may result. When 
treating natives on a large scale, a soluble form of sodium-bismuth tartrate 
(SoWa*), is preferable. This was introduced by J. O. Shircore, and is now 
manufacture locally in East Africa. The dose is 8 gr. dissolved in 8 c.c. 
of distilled water, or in oil injected intramuscularly ; for children up to 
two years, 1-1 gr ; from two to eighteen years, 1-2 gr.; and for aged persons 
lJ-2 gr. The generally accepted dosage for an adult is lJ-4 gr. weekly 
<with a total dosage of 6-14 gr. Children tolerate relatively larger doses 
than adults. Since 1924, over a million cases have been treated in Tan- 
ganyika alone by this method. 

liutfer adopted sobita as the standard method of treatment in the 
Solomon Islands. Thn^? consecutive injections resulted in the healing 
of 66 per cent, of secondary and 78 per cent, of late tertiary lesions, but 
relapses tended to occur within six months, though this tendency is less 
in the late tertiary than in the secondary stage. No significant differences 
could be observed between neosalvarsan and sobita during this investiga- 
tion. 

In patients with septic mouths, stomatitis and albuminuria are apt 
to ensue as a result of this bismuth treatment. Other toxic effects are 
diarrhoea and skin rashes, wliile lassitude and articular pain occur in some 
cases. This, and the fact that throe or more injections are necessary, have 


* Thif pretMraUon it placed on the market by Howard ft Soot. 
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been the greatest objections to the general use of bismuth, especially in the 
Solomon Islands and the Ck)ngo. On the whole, the toxic effects of bismuth 
are less frequent and are milder than those of mercury and salvarsan. 
In Jamaica, the dioxide of bismuth is preferred, and next in favour is 
the oxychloride. Bismuth salicylate is alk) used in 10 per cent, suspension 
in olive oil. In Jamaica six to ten treatments are given. In the waging 
of a great anti<yaws campaign, as -at present in Kenya and Tanganyika 
Territory, bismuth has the undoubted advantage of cheapness, costing 
less than half a farthing a dose. According to l^nschell, stomatitis may 
be avoided if injection is made into the deep subcutaneous tissues, rather 
than intramuscularly, and the resulting pain may be mitigated. 

Bisniosich (Boots) is metallic bismuth suspended in glucose solution. 
When given deep-subcutaneously, it is practically painless. The dosage 
is 20 eg. (3 gr.) locally, and a total of 6 grm. (90 gr.) can be given altogether 
in refractory cases. In the tropics, however, preparations of bismuth 
metal have been abandoned as they are apt to block the needles. 

Casbis (Bayer), a sterile oily suspension of bismuth hydrate in fine 
dispersion, is highly spoken of on account of the fineness of the suspension. 
Adults receive 0*5-1 c.c. doses, and the total dosage is 12-15 c.c. 

III. Combined treatment. — According to latest reports, the 
combined neo-bisniuth treatment is the most effective. By combining 
bismuth and neosalvarsan (neoarsphenamine), in alternating weekly 
injections, the chances of severe reactions are reduced. Neosalvarsan 
is given intravenously and bismuth intramuscularly. Attempts to 
combine the two preparations in one compound are now being made. 
Bismuth arsanilate (Martindale) in sterules containing BijOs, 58 per cent., 
arsenic, 17 per cent., given by injection, has been tried in Tanganyika 
and Nigeria. Other preparations, known as neotreparsenan and bismuth 
arsphenamine sulphanats, are given in doses of 20 eg. (8 gr.) per week up to 
a total of 6 grm. (90 gr.). It is said that the addition of 01 c.c. of buiyn 
exerts a local ana^thetic effect. A French preparation, which is well 
tolerated, is known as BivaioL 

TV. Arsenical preparations given by the mouth.— Stovar sol 
is a much more convenient method of mass- treatment than injections of 
salvarsan. It is customary to commence with 1 grm. daily, increasing to 
1^, 2, and 8 grm. on successive days for adults ; ^-1 grm. for children. 
After a total of 8-15 grm., according to van den firanden and Lefrou, the 
Wassermaiin reaction becomes negative. Chestennan considered three 
courses necessary to effect a cure, but found that he could give in stovarsol 
ten times the corresponding dose of neosalvarsan. Slight diarrhoea is the 
only untoward symptom of intolerance occasionally observed, though he 
gave as much as 2 grm. to children at a single dose. One objection to 
stovarsol is that the full course may be more expensive than injections 
of salvarsan. Hahrsol (May & Baker), oxyamino>phenyI*dichlorasine, in 
inteavenous and intra-muscular injections in doses of 0*125 to 0*25 grm. for 
three doses at three- to four-day intervals, has been proved on the Congo 
to be efficacious in all stages of yaws. The minimal toxic dose is 4*5 mgm. 
per kilo. 

Cofiarsone, p-carbamino-phenyl aisonic acid, first prepared by Bhrlidhi 
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contains 28*85 per cent, of arsenic. It is given in the same doses as stovarsol 
and the therapeutic dose is 75 mgm. per kilo bod 3 rweight. ^ number of 
other preparations for the treatment of yaws and tropical syphilis are 
detailed in Chap. 49, p. 828. 

Prophylaxis resolves itself into the adoption of measures to prevent 
contagion. These are the isolation and segregation of the affected ; the 
dressing and treatment of wounds in the hitherto unaffected ; the applica- 
tion of antiseptic ointments to yaws sores, so as to obviate the diffusion 
of spirochaetes by flies ; the purifying or destruction by fire of houses or 
huts notoriously infected ; the prevention of pollution of bathing- water by 
yaws discharges ; and, especially, the prompt treatment of the infected 
by salvarsan and bismuth. 
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MYCETOMA AND BLASTOBIYCOSIS 

Ssmonyms. Madura Foot ; Pseudactinomycosis. 

Definition.— A fungous disease of warm climates, affecting principally 
the foot, occasionally the hand, rarely the internal organs or other parts 
of the body. It is characterized by enlargement and deformity of the part ; 
an oily degeneration and general fusion of the affected tissues. The disease 
runs a slow course, is never recovered from spontaneously, and, unless 
removed, terminates after many years in death from exhaustion. 

History and geographical distribution.— It was first described by 
K&mpfer in 1712. Subsequently it was confused with tuberculous disease. 
Carter, from 1866 to 1874, furnished the information upon which modem descrip- 
tions are based, and since then further advances have been made by Bouffard 
and Brumpt. 

In India, mycetoma is endemic in widely scatten^d districts, although 
whole provinces, as that of Lower Bengal, enjoy an almost complete 
immunity. It appears to be acquired only in rural districts, the in- 
habitants of the touiis being exempt. Among the more afflicted districts 
may be mentioned Madura — hence the name “ Madura foot ” by which 
mycetoma is often known — Delhi, various places in the Punjab, Kashmir 
and Eajputana. In recent years we have had accounts of its occurrence 
with some degree of frequency in Senegambia, Somaliland, Aden, Algeria, 
Egypt, the Sudan, Madagascar, Ccx?hin-China, Italy, the United States, 
and South America. The following varieties have been described : — 

i. AcnnoMYConc Mycbtoma 

Caused by the ray-fungus, Discomyces bavis (Hair, 1877). Actinomycosis has 
a world-wkie distribution and is a coronion disease of cattle. It destroys bone 
by erosion and spares only nerves and tendons. The pus from the affected region 
contains small yellowish granules C sulphur grains *') of irreguliu’ shape, attatning 
at most 0*76 mm. in diameter. They are soft and ocmsist of an inextricable 
felted mass of mycelium. The threads are radially arranged at the periphery of 
the grain, and their free extremity widens into a bulbous, club-like termination 
(10-20 p long by 8-10 p wide). Hiese chibbed ends have been looked upon by 
several authm as forms of degeneration. 

ii. Viwckiit’s Whitk Mtotoma 

Caused by Diacomycea madura (Vino^t, 1894). This kind of myoetoma is 
common and widely ^tributed. It has be^ olMkrved in Algeria, in Abysrinia, 
in Somaliland, in Cyinas, in India, in Argentina, and in Cuba. 

Unlike 2>. bovis and other mycetoma-produdng fungi, it does not destroy 
bone, and does not seem to act directly on the general health of the patient, 
though ultimately and indirectly it may bring ab^t cachexia. 

iii. Nicowi*s Whits MYonroiiA 

Caused by SUrigmakfeydu (A9pergi!0m) mdmkmB (ESidam, 1883). So lur, only 
a few oases have been observed, by NIcdle and Finoy, in Tunis, but 
it bcouii in many places, the pmsite 8. beii^ widdy dfambhlea* 
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Primary infection probably takes place from barley grain. The grains formed 
by this fungus may also attain the size a pea, but they differ from those of 
Dtaeamyeea madurce^ inasmuch as they are more or less spherical and present a 
smooth surface. 

iv. Bouffard’s Black Mycetoma 

Caused by AspergiUus houffardi (Brumpt, 1906). The grains are quite charac> 
teristic. TTiey are black and vary in size from a pin’s hei^ to that of No. 1 shot. 
They present a mulberry -like su^ce which is smooth and glossy, the structure 
consisting of a coded -up mass. 

V. Carter’s Black Mycetoma 

Caused by MadureUa myeeUmi (Laveran, 1902); This mycetoma has a very 
wide distribution. It has been observed in Italy, in Africa (Senegal, French 
Sudan), and in India. 

The grain formed by MadureUa mycdomi is dark-brown or black. It measures 
1 to 2 mm. in diameter, is hard and brittle ; its surface is irregular and frequently 
presents pointed eminences which differentiate it from the larger and smooth 
grains of Aspergillus bouffardi. The grain is composed of white threads, always 
over 1 {Jt in dimeter and attaining at times 8 to 10 p, which secrete a dark-brown 
substance tlmt cements them together. 

vi. Brcmpt’s White Mycetoma 

Caiued by IndieUa mansoni (Brumpt, 1906). This form was described from a 
specimen of Indian origin in the museum of the I^ondon School of Hygiene and 
Tropical Medicine. 

The grains peculiar to this form are hard, white, and very small, varying in 
size between and ^ mm., and having a lenticular shape. Some are bean-shaped 
and flat. To study their structure it is necessary to boil them flrst in a solution 
of caustic potash. The hyphal threads are large and closely set, but without 
any cementing substance between them. The periphery of the grain contains 
numerous large chlamydospores having thick walls and being full of protoplasm. 

vii. Reyhier’s Whitk Mycetoma 

Caused by InditUa reynieri (Brumpt, 1906), originally described by Reynier 
from a specimen in Paris ; a 8eoond,case has been recorded from Greece. 

The grains may attain 1 mm. in diameter ; they are soft, white, and consist 
of a coiled-up strand which gives them a peculiar appearance resembling the 
excrement of earthworms. 

viii. BotTFFARD’s White Mycetoma 

Caused by IndieUa somaliensis (Brumpt, 1906). This form is perhaps even 
more common in India than Vincent’s white mycetoma. Bouffard has found it 
twice in Somaliland. 

IndieUa somaliensis is a most destructive fungus. In a foot examined by 
Brumpt all the muscles, tendons, and bones had been replaced by sclerosed 
tissues, more or leas homogeneous, presenting numerous sinuses full of yellowish 
grains olustered together Uke fish-roe, and many small inflammatory nodules 
contaiiiing one or more grains. . 

Culture* — CultUkes can be made, is in actinomycosis, both under kerobic 
and anAerobio conditions on glucose or glycerol-agar plates, in shake cuhures 
or in Loeffler’s serum. Some workers recommend keeping cultures in an atmo- 
sphere of (X)s, The medium should be inoculated directly with colonies frx>m the 
pus but^ owing to slow growth of the actimonyces, pure cultures are somewhat 
difficult to obtain , unless the pus is free frt>m oontamii^mi with other organisms. 
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Pathology. — On cutting into a myoetomatous foot or hand the knife passes 
readily through the mass, exposing a section with an oily, greasy surface, in 
which the anatomical elements in many places are unrecognizable, being, as it 
were, hised together, forming a pale, greyish-yellow mass. The bones have in 
parts entirely disappeared ; where their remains can still be made out, the can- 
cellated stracture is very friable, thinned, opened out, and infiltrated with 
oleaginous material. Of all the structures, the tendons and fasoiee seem to be 
the most resistant. 

The most remarkable feature revealed by section u a network of sinuses and 
communicating cyst-like cavities of various dimensions, from a mere speck to a 
cavity an inch or more in diameter. Sinuses and cysts are occupied by a material 
unlike anything else m human morbid anatomy. In the black varieties this 
material consists of a black or dark-brown, firm, friable substance which, in 



Fig. I il.-— Mycetoma of about two years* staiidifig. (After Legrain.) 


many places, stuffs the sinuses and cysts ; manifestly it b from this that the 
black particles in the discharge are derived. In the white varieties the sinuses 
and cysts are also more or less stuffed wiUi a white or yellowish roe-like substance, 
evidently an aggregation of particles identical with those escaping in the corre- 
sponding discharge. In the very rare red variety the colour of tlm accretions is 
nd or p^. 

UndOT the microscope the mycotic elements can be readily recognised in the 
conoretioni. In mioroscqpic sections of the tissues, evkfmces of extensive 
degenerative changes, tiie result of a chronic infiammatory prpoess, can be made 
out. An important btAum is a sort of arteritis obliterans, or extensive prolifera- 
ticm of the endothelhiin of the arteries, and, according to Vincent, a tfaiokenii] 
of the adventiria of the vessels as well as of the capillaries in the more af 


Sy mptom g^— Mycetoma begins usually, flioagh by no means invariablyf 
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on the Hole of the foot. The first indication is the slow formation of a small 
firm, rounded, somewhat hemispherical, slightly discoloured, painless 
swelling, perhaps about ^ in. in diameter. After a month or rather more, 
this swelling may soften and rupture, discharging a peculiar viscid, syrupy - 
looking, oily, slightly purulent, sometimes blood-streaked fluid holding in 
suspension certain minute, rounded, greyish or yellowish particles, often 
compared to grains of fish-roe. In other examples of the disease the 
particles in the discharge are black, having the size and appearance of grains 
of coarse gunpowder. Sometimes these particles are aggregated into larger 
masses up to the size of a pea. In time, additional swellings, some of which 
break down and form similar sinuses, appear in the neighbourhood of ‘the 
first, or elsewhere about the foot (Fig. 101). The sinuses are mostly per- 
manent, healing up only in a very few instances. Gradually, the bulk of 
the foot increases to perhaps two or three times its normal volume (Fig. 102). 
There is comparatively little lengthening, but there is a general increase in 



Fig. 102.— Section of a Madura foot. (T. R, Lewis.) 


thickness, so that in time the mass comes to assume an ovoid form, the sole 
becoming convex, the sides rounded, and the anatomical points obliterated. 
The toes may be forced apart, bent upwards at the tarso-phalangeal joints, 
or otherwise misdirected, so that when the foot is placed on the ground the 
toes do not touch it. The surface of the skin is roughened by a number of 
larger or smaller, firmer or softer hemispherical elevations, in some of which 
the orifices of the numerous sinuses open. 

The discharge from the sinuses differs in amount in different cases, and 
from time to time in the same case ; whether profuse or scanty, it always 
exhibits the same oily, mucoid, slightly purulent appearance, and may 
stink abominably. With a very few exceptions it contains either the grey 
or the black grains, rarely reddish or pink ones. 

As the foot enlarges, the leg atrophies from disuse ; so that in the 
advanced disease an enormously enlarged and mis-shapen foot, flexed or 
extended , is attached to an attenuated 1^ consisting of little more than skin 
end bone. In some cases the tibia or bones of the forearm are involved : 
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in others the disease at hrst may be confined to a toe, or a finger, or other 
limited area. In a very few instances the seat of the disease is the knee, 
thigh, jaw, or neck. Unless the case be one of actinomycosis, the internal 
organs are never implicated, either primarily or secondarily. The lymphatic 
glands, likewise, al^ough they may show adenitis from secondary septic 
infection, are very rarely involved. 

After ten or twenty years the patient dies, worn out by the continued 
drain, or carried off more suddenly by diarrhoea or other intercurrent 
disease. 

Treatment. — The only effective treatment is amputation, well above 
the seat of the disease ; for the long bones may be implicated, as well as the 
small bones, and unless the entire disease be remov^, it will recur in the 



Pig. lil.— OtfomegtattMiiycesis af feet, ** Messy feet,'* frem 
Bffttsli Qidaiu* {Dr. Wase-BaiUp.) 

stump. Oomplete removal is not followed by relapse. If a toe, or a small 
portion of the foot or hand, is alone involved, this may be excised. 
Potassium iodide in large doses has been found beneficial in certain tonns. 

Buchanan recommended surgical removal of as much diseased tissue as 
can be eonv^iently reached. Then tincture of iodine riiould be iiyeeted 
into an j suspicious area remaming, in the hope that the surviving elements 
will be idlled ; therefore 1-2 c.c. of iodine should be iryeoted ev^ ten days 
fcNT at knst two months. At fim, the local reaction is not severe, hnt lator it 
becomes so. Probably a less irritating solution, such as LugoFs, would be 
better. 

Polamum ioctide should be given by the month in large doses over a 
considenMe period, and tiiare are those who think ttiat ttie ]Prenoh tinctme 
ci mdine is ince?e effective if administered in frequait doses of 8 drops in 
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mflk. Quite recently^ the sulphonamides — sulphapyridine and sulpha- 
thiazole— in full doses have been found effective in actinomycosis of. the 
bowel, and therefore should be given a therapeutic trial in Madura foot. 

Blastomycosis 

This term is used to indicate lesions, other than mycetoma, produced by the 
proliferation of certain yeast-like fungi in the tissues. Normally these are 
either saprophytic or live as parasites on animals or plants, and appear to be 
especially abundant in tropical countries. Doubtless they get access to the human 
tissues through some wound or breach of surface. The following clinical types 
have been recognized : 

I. Chromoblastomycosis ** Mossy foot ’’ (Fig. 103).— A papillomatous 
condition of the legs and feet first described by W. '^omas in the Amazon Valley, 
Brazil, but now reported from Honduras, Nortb^ East and South Africa, Porto 
Rico, Southern United States, Dutch Indies, Japan, South Russia and 
Rhodesia. 

The disease is due to an infection of the skin with a fungus — Phialophora 
verrucom (Thaxter, 1915). The organism has also been nam^ Fonaeccea com- 
padum or F, pedrosi. The fungus can be cultured on ordinary media, and forms 
a blackish growth in stab cultures on ascitic agar or serum media. Chlamydospores 
8-15 {X in diameter, as well as conidia, are produced and sometimes aerial hyphae.' 
The organisms are akin to the saprophytic moulds common on vegetation. 

The foot and ankles — usually of males engaged in agriculture — are covered 
with warty outgrowths resembling barnacles, wUch are vascular and sometimes 
painful. They are usually papillomatous, but oocasionaUy pedunculated. The 
sole of the foot usually escapes. It is claimed that the disease can be inoculated 
into the nose of rabbits producing a verrucoid mass. 

The diagnosis is established by demonstration in sections of a tuberculoid 
type of reaction with rounded brown bodies resembling yeast cells (Simpson, 
Harington and Bametson, 1943). The best Ueatment is actual cautery. 

II. Ciocddioidomycosis. — Cutaneous patches, of various dimensions, of 
small warty exorescences with minute abscesses or encrusted ulcers, especially at 
the periphery of the patch. 

O^cidicudal granuloma, or Posada*s Disease (Rexford and GUchrist, 1894) was 
first discovered in Buenos Aires by Wernicke in 1892. It has l^n found 
especially in Brazilians, in whom it causes extensive ulceration. The pus from 
the lesions is easily inoculated into animals, especially guinea-pigs, in which it 
causes. a virulent infection. Up to 1935, 400 oases had been reported, usually 
in Upper Califbmia, and it has also been seen in oxen, but in them produces 
no sjrmptoms. It has also been found in rodents, dogs and sheep, in Arizona, 
Texas, Old and New Mexico. Inf^tion is probably caused by inhalation of the 
spores, and Uue skin lesioiis originate round the site of soratohel and other lesions. 

Another form, “ valfoy fever ” or desert fever ’* of the San Joaquin Valley, 
resemblhig erythema nodosum with pulmonary involvement and easmophilia, is 
probably a generalised infection from inhalation of chlamydospores. The affected 
skfopafehes may remain pigmented. The disease usually prints an infiuenza-like 
initial phase. Arthritfe and . phly<^miular oonjunctivitia have been noted. 
Sm^vlty is estabbshed within fourteen days and an intradermal test with 

oooddioldin ** is now employed. An efudemio in San Benito County has been 
reported by Davis and Smith, and it bat hem shown that 80 pm omU of persons 
who have lived in the S. Joaquin Valley for over ten years are sraidtive, and 
ako Indian iddSdsen in the reservation. 

Ibe organism is Ooeddioidea immUk, The cells occur either isolated or in 
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giant cells. They are spherical and thick-walled, with a diameter of 2-80 [l. 
The organism reproduces by endospore formation ; budding is absent. The wall 
of the ascus often shows radiate formation. On all the usual media the colonies 
are flat and greyish, becoming white to light cream, with aerial hyphse, which in 
microscopical appearance are septate, branching, hyphal swellings ; arthrospores 
measure 2*5-7 jx in diameter ; chlarnydospores are abundant, 6-8 y, in diameter. 
Studies in metobolism of C. show that the organism is resistant to 

desiccation, but the chlamydoepore develops under conditions of drying, and it 
is impossible to infect animals in the absence of this spore. This resistance to 
dr 3 dng is an important factor in dissemination of the organism in California. C, 
immitis has been isolate flnom the desert soil by Stewart, Meyer, Emmons and 
Ashbum. Pochet mice (gophers) and kangaroo rats form a natural reservoir of 
the disease. 

The cutaneous type of blastomycosis also includes the following conditions : 
North American Blastomycosis or Gilchrist’s Disease (1894) {Zymonema 
dermalitidis), — An infectious granuloma, acute or chronic, with cutaneous or 
systemic lesions — papulo-ulcerative, verrucous, or papillomatous, or gummatous, 
showing tyjHcal violet colour. The organism has simple or budding yeast- like 
cells, thicL walled, 5-20 (x in diameter ; the colonies on culture are yeast-like. 
Hyphee are septate and branching, 2-4 jx in diameter ; conidia are pyriform or 
round, 5 p. in diameter. 

European Blastomycosis {Cryptococcus hominis) is clinically similar to 
Gilchrist’s disease, but ulceration is common in the cutaneous form, with abscesses, 
and it quite commonly invades the cerebro-spinal system. The organism has 
thick-w^ed, heavily-encapsuled, simple or budding cells, 5-10 p in diameter. 
Colonies on culture are “ yeasty,” smooth, mucoid or moist, and spherical or 
ovoid with budding encapsulated cells approximately 2-6 p in diameter. 

South American Blastomycosis, or Splendore de Almeida Disease (Lutz, 
1908) {Paracoccidioides brasiliensis)^ is generalized or localized, cutaneous or 
systemic, the lesions being granulomatous, papular, verrucous or ulcerative. 
It spreads by the l 3 rmphatics. The cells are spherical or ovoid, 1-30 p in 
diameter, rarely larger, with thick walls. 

III. Linj^lia nigra. — A form occurs on the tongue, leading to hypertrophy of 
the filiform paf^se, and causing a condition known as linyua nigra. The organism 
is known as tl^ Cryptococcus lingucepilosce ; it has a double contour, is com{)osed 
of oval yeast>like cells and myoelia elements, and can be cultivated on maltose- 
agar. Wilkinaon (1940) and others claim that lingua nigra can be cured by 
niootinic add. 

IV. Pulmonary Blaatomyco8l8«--Crypioc^tts caps^us, allied to c, 
fardminosus of the horse, has b^n demonstrated in the epithelial cells of the 
lung by Darling, who named it Histojdasma eapsulaium. The disease it produces 
in many respects resembles kala-azar, and is aocompfnied by splenomegaly, 
ansBOiia, irregular pyrexia, and leucopenia (see p. 863). 

Nifio in Ai^ienti^ has described, as Cryptoeoeeus pysekfopkiflkMS^ an organism 
which caused a generalized infection miginating from an ulcerated condition of 
the fkce. The organism grew best at 22-25'’ 0., but was arrested at SI'’ C. 
Guinea^pige, white mice, and rats were susceptible to inooulatlan. 

V. SfNirofridlOglo. — ^This has been reported from Southern France, 

Southem ,Sonth America, mid South Africa, where it is oommtm 

theminanofWItwatersrand. It pitxiocesgumma-lilui»iwdlingsinfinibiort^ 
whidh mikrge and ultimatdy break down, leaving deep ukem, due to otgankmiSt 
BponirMmm (MkinadaJdwn) beurmanmi, or 8. seheneiMp whioli uaually eidit 
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saprophytioally, and gain entrance to the body through an abrasion of the skin 
or oesophagus. Occasionally they may be demonstrated in the blood; the 
lymphatics, eye, oral cavity, periosteum, muscles, or viscera may become involved. 
In the discharges and tissues the parasites are scanty, so that the mycotic nature 
of the disease can only be made out from cultures, i^nham and Kesten isolated 
the organism from linear nodules in the arm, and reproduced the lymphatic type 
of infection in a monkey. Inoculation of white rats produced typical orchitis. 
In man infection may be caused by a thorn prick or other injury. 

Pijper and Pullinger (1927) recorded 14 cases in native miners on the South 
African Rand. They distinguished a primary sore in the form of a localized 
ulceration on a finger, or the shin. Ten of the fourteen cases had the lesions 
confined to one arm ; the others were on the shin, with lesions extending up as 
high as the buttock. Incision of the nodules in the paths of the lymphatics 
produced pus or serous fluid. 

Sporoirichum beurmanni can be isolated from the tissues by aspiration and 
insemination on to Sabouraud's medium. The parasite occurs in wild rats in 
Argentina and Brazil, while a similar disease, apt to be mistaken for epizodtic 
lymphangitis, occiirs in horses and" mules in Mad^ascar (Carougeau). 

It appears to be a common parasite in nature, and recently (1933) Benham 
and Kesten have transmitted the human parasite to carnations, in which it 
produces a bud rot ’’ similar to that caused by a natural parasite, 8. pace. 

The parasitic elements are very scanty in the pus, and in mycelial elements 
are seen either in sections or in cultures. Individual cigar-shaped yeast-like 
parasitic elements are often found engulfed by phagocytes. 

Hemisporosis {Hemispora sUUata) is a disease like sporotrichosis reported 
from Italy, and is characterized by granulomatous growths resembling syphilis 
or tul)erculosiB. Occasionally iKjnes are -affected. 

VI. Torulosis . — This gives rise to grave lesions of the pulmonary and 
nervous systems, and IocaI tumours of a peculiar consistency containing round 
i^ells surrounded by a gelatinous substance secreted by the organism. It is 
found especially in California. The parasite, which has been especially studied 
by Kessel, is known as Tondopns hisUdytica (Stoddard and Chitler, 1916), 
synonym, Crypiococetui KiMolyticua, The yeast-like cells are usually found in 
the oerebro-spinal fluid. Experimental infections are easily produced in rats 
and mice by intraperitoneal injection, generalized lesions being found in lungs, 
liver, spleen, kidneys and brain. Kessel and Holtzwart found 46 cases reported ; 
most have involved the central nervous system and four have exhibited general 
infection. In four other oases infection was localized to the muscles of the 
vertebral column, to pelvic and inguinal abscesses, or to the tongue or naso- 
pharynx. In one case from Los Angeles lesions were confined to the knee. 
This disease appears to be incurable. The diagnosis is usually made by oerebro- 
spinal puncture. The protein content and globulins are raised, as in other forms 
of meningitis ; the sugar content is lowered and chlorides reduced. 

jT. hittclytica is a primitive form of yeast cell ; it multiplies by gemmation, 
does not p^uoe endospores or mycelium, and can be cultured in glucose broth 
or on Sabouraud's me^um. The colonies are glistening white, and show no 
myoeha p^ietrating into the substratiun, as is ^araoteristic of Monilia. The 
individual cells multiply by gemmation, no hyphss being observed. The cells 
exhibit characteristic capsules. No asoi are formed. 

The sugar reactions are typical : no acid or is produced in arabinose, 
dextrose, galimtose, inulin, maltose, mannitol, rafiflnose, sucrose, limtose or 
dextrin. The reaorion in milk is alkaUne. When it is inoculated intraperitoneally 
into rats and mice, the animals die in eight to twenty-eight days, and the 
organisms can be recovered from the tissues. Monkeys inoculated intraoardially 
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develop small nodaks on the face, eyelids and eara, oataneoos kidons containing 
the organism. In some monkeys, however, a general tomlosis of the brain and 
spinal cord develops. 

Dia^osis. — ^Usually the lesions of blastomyoosis in the first instance 
suggest syphilis or tuberculosis. Specific treatment and absence of reaction 
to tuberculin and of the tubercle Willus should lead to a careful search for 
yeast-like oi^anisms in the dischai^ or scrapings. Widal smd Abrami 
found that the serum of sporotrichosis will agglutinate cultures of the 
specific organisms ; while Malvoy and Ricketts have demonstrated a 
complement-fixation test in blastomycosis, using an old culture as an 
antigen. Martin (1985), especially, employed this method in diagnosis. 
The antigen was a suspension in salt solution of the organisms grown at 
37® C. on beef-infusion, at pH 7-4, on blood-agar slants. The patient’s 
serum was inactivated at 56° C. for fifteen minutes, and the test was 
carried out as for the Waasermann. 

Treatment.— All forms of blastomycosis are exceedingly chronic and 
resistant to treatment. Surgical measures are useless, but large doses of the 
iodide of potassium or of sodium (20-30 gr. three times a day, well diluted) 
are sometimes efifective, and should always be tried and, if found beneficial, 
continued until cure is well establisljed. In sporotrichosis the tumours can 
be punctured and injected with potassium iodide, 1 in 100, while treatment 
must be continued for some time after apparent cure. X-rays are at 
times a useful adjunct. Coccidioide$ immiiis is said to be amenable to 
sulphonamide therapy. 



S^on V.-DISEASES OF THE CENTRAL 
NERVOUS SYSTEM 


CHAPTEB XXXW 

NEURASTHENIA IN THE TROPICS 

PsYCHONBUROSBS play a considerable part in adding to the burdens of 
life, and are the cause of a proportion of invaliding among European 
officials and business men from the tropics ; more especially from West 
Africa. As a cause of disability, neurasthenia or anxiety psychoneurosis, 
or whatever term may be applied t.o this real and distressing condition, 
has superseded tropical diseases. Therefore, from the point of view of 
Colonial Administration, neurasthenia is of greater importance than the 
majority of the tropical diseases with which this book deals. There is 
nothing peculiar to tropical neurasthenia which differentiates it from 
similar anxiety neuroses in temperate climates. 

When it is considered that, in the figures quoted by Squires, no less than 
45 per cent, of 868 invalidings of Europeans from the tropics were for 
psychological reasons, there is obviously some feature in life under tropical 
conditions which pre-disposes towards this state. Fully developed and 
frank neurasthenia, as seen in its most characteristic form, is more apt to 
develop in a neurotically-disposed individual than in one of a complacent 
and unemotional mental make-up, and it is not always possible to gauge 
with accuracy those individuals in whom tropical neurasthenia will 
eventually develop. Culpin pointed out that certain persons go to the 
tropics as a flight from the strain of social life at home. 

Jn an analysis of neurasthenia in West Africa Rowland Hill (1943) 
found that patients with long-standing conditions of nervous instability 
were made worse by tropical Ufe, but in nearly all there was evidence that 
the neurasthenic tendency had been exaggerated by disease acquired in 
the tropics. 

The if^neiuie of tropical infections (p. 16).— Tropical infections, especially 
the enervating, debilitating, and irritating recurrent relapses of malai^, are 
predispoeing factors. The recurrent headaches and fevers Encourage patients 
to refer senaatkins to the cranium, so that they complain of neurasthenic headache, 
lack concentration, loss of memory (West Coast Memory), and general dis- 
interestedness in life. Intestinal infections, such as amoebic or bacillary dysentery, 
may promote concentraticm of thought on the intestinal tract. The patient's 
attention becomes rivetted on. Us digestive system, with the result that intro- 
spective pqrcfactienrosis develops. & this respect tropical infections do un- 
doubtedly to ** Epical neurasthenia.” But there are other aspects 

of life in tM tropios which engender introspection. The heat, insect life, the 
inoximity to natives who cause annoyance and whose ways and psytdudogy 
the Siumean oannot umferstand, the dull monotony, the ever-recurring twelve 
hours of 4tyHght iltsmAting with twelve hours of jj^tcl^ ni|^, and the i^undai^ 
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and vexatious insect life ; all act as stimuli which goad to the neurasthenic 
state. The dulling of the appetite engendered by heat, the unpalatable and un- 
suitable food, the greasy cooing, the abundance of starchy matter, the monotony 
of tinned foo^tuffs, together wiUi the comparative absence of essential vitamins, 
all tend to ujiset the digestive apparatus and to depress the higher psychical 
centres. 

Fear of disease and hypochondriasis are sources of neurasthenia in previously 
healthy and weU-balanc^ people who, after serving in the tropics for long 
periods, have suffered a good deal of illness without much deterioration, but 
with loss of confidence in their ability to stand tropical life. All those who have 
a tendency to anxiety neurosis are made worse by exposure to heat. 

Skep. — Insomnia, which appears to be the outward manifestation of physical 
exhaustion and which nearly always appears towards the end of the tour in tropical 
Ainca, is usually the first manifestation of the neurasthenic 8taU% and impera- 
tively indicates invaliding to a temperate climate. 

Sexwtl factors . — Other factors will occur to anyone who has lived in isolation 
under tropical conditions. There is the sex factor, which may be potent ; there 
is the social isolation which operates in out-stations ; in others it is excess of 
alcohol, late hours, or living an unaccustomed life attended by native servants — 
all these may upset the mental equilibrium. Then there is, too, the constant 
restraint and watchfulness required to avoid offending against local prejudices, 
and having to live with others who are also in a state of constant exasperation. 

Work and exercise . — ^Probably hard mental and physical work, in moderation, 
act as a bar rather than as a predisposing factor in the development of neuras- 
thenia. Mental occupation tends to divert the mind firom self-interest. On the 
other hand, mental pressure or undue stress appears to be less easily tolerated 
in the tropics than at home. Neurasthenia is not a special affliction of Europeans, 
for it is firequently observed amongst the educated native offleials in West Africa, 
Malaya and India, though the proportion is by no means so great as in Europeans. 

Neurasthenia in women . — It is difflcult to state the sex incidence of 
neurasthenics ; probably women, with their more highly developed emotional 
centres, are more apt to develop it, granted equal opportunities, than men. 

A tropica] climate usually produces certain psychological effects in women. 
Those who become neurasthenic suffer from pelvic pain and discomfort, menorr- 
hagia and toxsemia. Constipation, by favouring pelvic congestion and inflamma- 
tion, and uterine disiflaoements, have also to be considered. 

The effect of the tropical climate on the newly-arrived European woman is at 
first distinctly exhilarating. The appetite is increased and the heat does not 
oppress her at first as it does in succeeding years, and she has a feeling of well- 
behig. Menstitiation flequently stops for a season. The sense of well-being 
may be so real that risks are tal^ wMch more experienced residents avoid, such 
as eating unsuitable food. The long hours that European women spend in 
shaded houses during the heat of the day engender a feeling of lethargy, due to 
extra work thrown on the liver, and want of exercise. 

Childbirth in European women in the tropics is apt to be more difflcult and 
laborious than in temperate chmates, due very probably to the conditions of 
life ; but even among native women between 90 and 40 per cent, of deaths are 
dire^y dr indirectly oonnecled with parturition. Native women, ae a rule, give 
birth extraordinary esse, and only whm th^ have departed from a natural 

mode of laffl, and are Ih^ in seohiskm. Is parturition difflcult. 

The effect of tropical amdUioms, — ^Tropicsl life may have a dJatorbing effect on 
the mentality of even the most hesltiy and balaa^ individoaL a yaes 
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or more of oonstant exposure to heat and humidity, the hours of sleep become 
disturbed, and the nervous system more sensitive to external stimuli. Insomnia 
may be precipitated by certain electrical conditions of the atmosphere, at present 
little understood, skin conditions, especially prickly heat, and possibly a hyper> 
glyeaemia which Dutch investigators in Java ascribe to the climate. Otherwise 
healthy adults often appear “ nervy ” and “ excitable,” showing exaggerated 
reflexes and nervous twitchings of the face and limbs, with increased reflexes, 
directly they return to a temperate climate. In the minor states of disturbance 
the fears and stresses disappear the moment cool headwinds are encountered, 
and peaceful and refreshing sleep is enjoyed once more. But transference to his 
home climate does not immediately relieve a fully -developed neurasthenic of his 
fears ; on the contrary, the hum and bustle around him act as further stimuli. 

The effect of quinine, — In. certain individuals the constant absorption of 
prophylactic quinine has a depressing effect. It may be a direct mental 
depressant ; on the other hand, it may act indirectly by causing indigestion and 
abdominal discomfort. This subject has been discussed on p. 115, and it is open 
to question whether more harm, in the neurasthenic sense, is not done to some 
people by constant quinine, than is counterbalanced by such protection as the 
practice affords. 

S3rniptoms. — The very appearance of the individual betrays his mental state. 
He (or she) is emotional to a degree, so that any sympathetic reference to health 
may provoke a flood of tears. There are others in whom the most profound 
depression reigns, and who may display suicidal tendencies ; these are usually 
associated with intractable insomnia. 

The imtient usually complains of a headache confined to the temporal or 
fiarietal p(»rtion of the cranium. There is a sense of increased intracranial 
pressure. Others experience a sinking feeling in the alxiomen, or indefinite 
alKlominal pain, or flatulent dyspepsia. There is usually a mild tachycardia, or 
rather vasomotor instability, with a fall in blood-pressure and a diastolic pressure 
l>olow 80. The reflexes are usually exaggerated, and there may be a false ankle- 
clonus with hyperidroeis of the palms of the hands and of the feet. 

It has been suggested that the main symptoms are to be ascribed to hyperthy- 
roidism, but the Editor has been unable to find any evidence for this hypothesis. 
With this degree of nervous instability it is not surprising to find divergence of 
the pupils on accommodation (Moebius' sign) which by •some is considered to 
indicate hyperthyroidism. 

Treatment. — The main principle in treatment is to remove the patient 
from his immediate surroundings to a temperate climate with congenial com- 
]ianions. Usually, on arriving in a cool climate, natural sleep sets in and fears 
and anxieties disappear. The neurasthenic state may be t^emporary. On the 
other hand, the emotional and depressive states should be treal^ seriously and 
efforts should be made to discover some underlying infection. The Editor has 
on several oooasions seen profound neurasthenic symptoms disappear after 
treatment of an underlying unsuspected malaria. If alcohol has been taken in 
excessive amount, it must he cut down, or prohibited altogether. Efforts should 
be made to divert the patient's attention from himself. Hobbies of all kinds 
should be encouraged and there is probably no occupation more restful and 
curative than fishing in Scotland or Inland. 

For insomnia, mild hypnotics should be prescribed, such as allonal, luminal* 
or medinal. Simp may be induced by a hot bath or a cup of Ovaltine. As a 
general sedative a mixture of the following type may be prescribed, to be taken 
three times didly : 
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Ammon, brom gr.x (0*648 grm.) 

Spirit, ammon. aromat. . . ^xv (0*888 o.o.) 

Syrup, anrant 3^ (3*56 o.c.) 

Aq. mentb. pip. ad . . Jss (14*21 c.o.) 

3^8 three times a day after meals. 

Prophylaxis. — As the main treatment of neurasthenia entails removal 
from immediate surroundings, its prevention is difficult. Once marked neuras- 
thenia has developed in a European in the tropics, he should be invalided to a 
temperate ohmate and his return becomes a matter for anxious consideration. 
There are oases in which the patient quickly regains, his mental equilibrium ; 
but should the mental depression continue, in spite of the simple methods 
recommended, then permanent invaliding should be considered. The Editor 
is of opinion that a patient with well-marked tropical neurasthenia should never 
be permitted to return, otherwise the old s 3 rmptoms will reassert themselves 
directly he arrives in his old haunts, so that after a few months be will be sent 
home again. 



CHiCPTEB XXXV 

ENCEPHALITIS JAPONICA 

S3moiiym. Japanese Typ.e B encephalitis. 

Encephalitis japonica is, strictly speaking, an epidemic encephalomyelitis 
involving the brain and spinal cord, and is to be distinguished from 
epidemic encephalitis (encephalitis lethargica) by the absence of eye lesions 
and other features to be detailed later. 

Epidemiology and geograpliicai distribution. —Encephalitis 
japonica, as its name implies, is well known in Japan, where it apparently has 
occurred in epidemic waves since 1871. In 1933 it was found in different portions 
of North America (St. Louis ; Toledo ; Kansas City ; Paris, III. ; and St. Joseph, 
Mo.). In 1938 it was recc^pused by Pette as occurring in Germany and by 
Silbermann in Vienna. In 1928 Kaneko and Aoki made an intimate study of 
the disease and were able to differentiate it from encephalitis lethargica and 
to determine its identity with EncephalUis B, In 1924 a very severe epidemic 
occurred in Japan during a very hot and dry summer season, when 7,000 cases 
were recorded, with a mortality of yearly 00 per cent. This disease spreads 
rapidly, in a manner more nearly resembling poliomyelitis, more commonly and 
more severely attacking those over fifty years of age, in contrast to the 
relatively mild disease it produces in young people. 

During recent years it hM also appeared in China, and in the summer of 1938 
there was an epidemic in Peking. Most of the oases occurred in children. 

AEtiology. — Knowledge of the virus of epidemic encephalo-myelitis comes 
from Kobayashi, Takaki, Nishibe and HayasU. Credit is due especially to the 
latter for 1^ important researches on its transference to monkeys, in which it 
produces the same histopathological lesions as in man. In America, however, 
white mice have been found more susceptible than monkeys. Webster and 
Fite demonstrated that the virus, which is active in the blood and in the central 
nervous system in the early stages, can be inactivated by convalescent serum. 

The transference of the virus firom man to man has not been ascertained with 
certainty, but it has been suggested in China that it is transmitted by mosquitoes, 
mainly because it is most prevalent during the warmer months when those 
insects abound. There is idso an analogy with equine enoephalo<myelitis, which 
has been obs^ved in horses as well as in man and which is transmitted in this 
way. Perdrau, by using hyperimmiine sera, was able to demonstrate antigenic 
rclations^p between the vim of encephalitis japonica and that of St. I^uis. 
The dimenidCMis of the virus particles are estimated as between 20 and 30 mjjL. 

S]rniptoinatolagy« — ^Ibe prodromal symptoms commonly encountered are 
headachei ditziness, sluggishness, and vomiting. These are foUowed by psychical 
disturbanoes, very often by delusions, but in very severe oases coma ensues, 
ending in dei^. The psychical signs and symptoms may be entirely absmit in 
the mild oaseSf mid (In contrast with encephalitis lethargica) meningeal symptoms 
may predoodnate. Disturbmices of the motor system are characteristic : there 
are dooic cbntraotkms of the muscles which may end in actual ccmvukions. 
Fine tremoit of individnal groups of muscles alternate with attacks of shivering 
and athet^ nmements. The whole muscular tone is increased in the extremities 
and in t^ nook and laoe, especially the masseter muscles, which results in an 
anxioiii ox|x^on» imd ends in trinnus making mastication in^xMsible. In 
very advmeed cases, encephalo-myelitis causes paralysis of the spinal omd, 
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but, in direct contrast to encephalitis lethargioa, eye symptoms are absent ; nor 
is post-encephalitic Parkinsonianism ever observed, though bulbar symptoms, 
resulting in failure of speech and difficulty in swallowing, are quite common 
and, in addition, defects in co-ordination and sometimes even cerebellar dis- 
turbances. Anomalies of superficial and deep tendon reflexes are usually present, 
especially in spastic cases. Salivation and excessive sweating are absent. 

The foregoing description covers only the main features, however ; actually 
the clinical picture is a many-sided one. There is also another aspect to this 
disease in that, though the neurological side dominates the picture, there is a 
secondary affection of the hsemopoietic organs, resulting in a secondary amemia, 
which appears to indicate a generalized infection, rather than a local aflection of 
the cental nervous system. As a rule, the temperature chart is not characteristic, 
and the course is afebrile. There are cases, however, in which fever is noted for 
five to ten days, and these are followed by sequela, such as profound neurasthenia. 
The fulminating cases, which are fatal in twenty-four to forty-eight hours, are 
generaUy pyrexial. It is to be noted that there are no pupillary or eye sy mptoms, 
and there is no special aflection of the bladder or bowels. Usually there is 
retention at first, followed by incontinence. 

Diagnosis. — ^The main points in differentiation from encephalitis lethargica 
have been noted. The cerebro-spinal fluid shows all grades of inflammatory 
disturbance. Kaneko and Aoki have shown that there is an increase of the 
albumin omitent from 9 to 350 mgm. per ^nt. Differential diagnosis has to bo 
made from lymphocytic choriomeningitis. 

Pathology. — Epidemic enoephalo- myelitis is characterized by diffuse lesions 
in the brain and spinal cord : these take the form of small white knob-like 
aggregations of cells, composed of microglia intermingled with lymphocytes 
and leucocytes. Here and there ganglia cells are also found acutely damaged. 

Treatment. — ^No specific treatment is at present known. 

Tick -BORNE Encephalitis 

A somewhat similar, widespread and fatal form of encephalitis has been 
described and investigated by Pawlowky and his Russian colleagues in Mongolia 
and Far Eastmi territories in the scrubby wastes (Taiga country). This disease 
has distinct seasonal incidence, and 80 per cent, of cases occur in May and June. 

Etiology. — ^This form of encephalitis has been shown to be due to a filterable 
vims transmitted by the bite of a tick {Ixodes persukahts), in which the virus 
persists, as it is found infective in wild dktiicts uninhabited by man. The virus 
has been isolated fn>m the brains of various species of wild animals indigenous 
to the oonnUy ; these therefore constitute a reservmr of infection. S^isonai 
incidence of the disease during May and June corresponds with maximitm 
prevalence of Ixodes persukatus. The infection transmitted by bite of ihe tick 
is hereditary and therefme larvae and nymphs i^re also infective. 

Syaqytamatology. — ^This form of enc^pbahtis has an abrupt onset mid runs a 
sevm course with ste^ rise of temperature, seveie headache, and vomiting. 
Symptoms of mmiingeid involvement are followed hy signs of focal tesfons m 
the oen^ nervous system, paietis and paralysis of upper or lower limbs or 
muscles of the neck or back. Parkuisonism never occurs. The cmse mcirtidity is 
about 30 per cent. 



CHAPTER XXXVI 

lAtah, running Amok and koro 

0 

Latah, a word Bignifying “ nervous ” or “ ticklish,” is not uncommon in 
the natives of the Malay Peninsula, Java, and the neighbouring islands. 
It occurs more frequently in women, especially young women, than in men ; 
children are seldom affected ; it rarely appears before puberty and is 
(^spwially common at the menopause. 

A somewhat similar affliction is described among the Ainu people, usually in 
women, and is known as imu. This manifests as psycho-motor attacks pre- 
cipitated by some emotional shock. If a sufferer is startled, she may continue 
to echo everything that is said to her. 

L&tah persists for years. The main characteristics of this state are the 
same, though there is considerable variety in the intensity of the symptoms. 
The condition is incurable, shows no tendency to become worse, and does 
not terminate in insanity. 

As the Malays say, an (^ang Idtah never becomes an arang gUa (Amok). The 
subjects of ** ]&tah at first appear to differ in no w^ay fix>m their neighbours 
and relations, but on some sudden and striking impression, such as a loud sound, 
or in response to some overt suggestion by word or deed, they pass into a peculiar 
mental state in which they involuntarily utter certain sounds and execute certain 
movements. In other instances they will imitate words or movements, or yield 
to suggestions from others. During this hypnotic-like state, which may last for 
a few minutes or longer, the victim is at the mercy of his prompter and wdl 
unerringly follow any lead indicated. Although the manifestations of high 
degrees of l&tah may be followed by exhaustion, or even by swooning, as a rule 
nothing of the kind occurs. The infirmity is usually discovered by accident. 
iSwettenham, for instance, used to relate that it'w'as only necessary for anyone 
to attract the attention of these men by the simplest means, such as holding up 
a finger, or calling them by name in a pointed way, touching them, or looking 
them steadfastly in the face, in order to make them lose control of themselves 
and be willing to execute whatever was suggested by a sign. On one occasion, 
one of them, on being told that a roll of matting was his wrife, embraced it with 
every sign of affection ; but when the other Iktah subject, a policeman, was 
convinc^ that the same roll was his wife likewise, he too embraced it, and the 
two men fell to the ground struggling for the possession of the '' lady.*' 

lAtah folk are favourite subjects for the practical joker, and in a few instances 
they very much object to being made a show of, and may become dangerous. 
lAtah seems to be akin to certain emotional stresses which are common in all 
barbarous and semi>civilused countries. 

Abraham has seen the afflicted, if suddenly startled, fall down and imitate the 
gestures of anyone in sight ; for instance, an old lady startled by a bicycle bell, 
will instantly uMtate the pedalling of the cyclist till exhausted. 

Unless unforeseen aodilentB occur, I4tah is not fatal. Gimlette and others 
have called attrition to the medico-legal aspects of the diseas:). Fortunately, 
examples in which Utah has been shown to play a part in crime are rare. 
Temperamentally, idl the Malay races are very highly strung and nervous, 

619 



620 LATAH, RUNNING AMOKLAND KORO 

aithoagh externally impassive, and there appears to be an hereditary tendency 
to the litah state in every MaJay. 

Y(mng-dah-hU is a state closely related to Utah. Mongolian races are pre- 
disposed. Hmdity does not seem to play any part. It differs from Utah in 
that the patient continuously remains in the imitative condition and is alwa3ni 
liable to reactions. 

Nai-win-dt is a rdigions dance with dos^ eyes and swinging movements. 
It is started by professionals and taken up by others. 

There appears to be a somewhat dmilar affection amongst the Samoyedes 
which is ^own as Ikota,” and it is believed that the curious epidemics of 
rehgiouB ecstasy, which swept over Europe during the Middle Agee, wen» of 
similar origin. 

Banga is a hysterical affliction in Congo women at puberty. The subject is 
convulsed and rushes about uttering wild cries. 

** Amok ” (or ninning hinok) is a term used somewhat loosely for a 
condition which, in the ^lly developed fonn, drives its victims to blind 
fury and to kill without reason. 

Usually the “ &niok ** runner (or hmoker) has a grievance upon which he 
allows himel! to brood, and after a period of sullenness decides to kill the 
suspected person and at the same time to destroy as many other i>eopIe as 
possible. He therefore arms himself, runs “ &mok,” and buries his fcrw, 
when out to slay, in friend and foe alike, with the expectation of being killed 
in tom. 

In other cases there may be premonitory signs in which a person mutters and 
has delusions. Quite suddenly he will run ** &mok and a^r^the attack may 
hid] into a deep slumber and become comatose. The liability to kmok ** 
attacks b greatest in the Mabys and tlmir drugs, such as Indian hemp {Cannabis 
indica), axe known to be potent predisposing causes of the attack. Van Loon 
found that in Java '' imok "" runners are o^n suffering from some infectious 
disease, and that the symptoms are hallucinations and confusion ; such patients 
axe impelled to flight and attack as reactions to imaginary dangers and the agony 
and terror caused thereby. 

** Koro occurs amongst the Macassars and the Buginese in Celebes, and b 
abo well known among the Chinese as Shook Jong^ origii^y described by Bkmk 
in 1895. The term si^^es ** shrivelling,** and a idling ooouri atregular intervab 
of the penb retracting into the abdomen ; if help b not forthoomi^ the patient 
dies. In hb anxiety, the patbnt grasps the penis, and if unable to do so, obtains 
sasbtance from others. It may be days More the attack subsides, and the 
sufferer osnnot bear to be Mt alone. If hdp be not to hand, be wlU actual^r 
tb the penb to bb bg with ^ring, anchor it by means of a pin, or may even 
emi^by a doulfle-bladed obsping instrummit known as U teng hok^ whidh b used 
by jewellers. By the native ifab tendency b legsided as tiie Yin ** principle, 
representing the female power, dondmiting tiie **Yeag** prino^, wUeb 
fepreseiits the msle efemcnt. lu mdor titai a ** Yin ’* dbeiuie may be eaied, a 
** Yang *’ medfeitie must be employed. The suffems are genemBv oeufotfos, 
and the anxiety axbes Old of seximlixHtflicts. Various pstMdgioal eon^^ 
iudi SI cedmim of the lower abdcmien, hernia, hydrocele sod ebj^antissb of the 
•csntiim, ximy evclm fesr of an atl^^ An aaslagous state, charaot^^ 
dlmfeutfoo Cl the genilil lahb and shrinlu^ie of the biiasts, to 1^^ 

In^ 



Section VI.-TROPICAL VENEREAL DISEASES 


CHAPTER XXXVII 

LYMPHOGRANULOMA VENEREUM 

S3nioiiym8« Climatic bubo ; L 3 rmphopathia venereum ; Esthiom^ne ; 
Lymphogranuloma ingumale ; In^inal poradenitis ; Poradenolymphitis ; 
Nicholas-Pavre disease (French). 

Definition, — A iype of adenitis pf venereal origin, of which the primary 
lesion occurs on the prepuce or male genitalia. The infection— a filterable 
virus — causes inflammation and, sub^uently suppuration of the inguinal 
glands. This suppurative state is usually attended by pyrexia and general 
constitutional disturbance. The bubonic stage occurs* in the male, and 
some think that a general lymphoedema with ulceration, known as esthio- 
rntee, represents the analogue in the female. Most authorities also con- 
sider that the genito-ano-rectal syndrome and inflammatory stricture of the 
rectum are due to the same cause. 

Epidemiolo^ and geographlcai distribution. — Scheube ori^nally 
applied the term “ climatic bubo ” to a type of adenitis tenniuating in 
suppuration, not imcommon in tropical countries. AMiether it is becoming 
increasingly frequent, or whether because attention has been drawn to its 
peculiar nature in recent years is a moot point, but recently lympho- 
granuloma ” has emerged from the obscure recesses of textbooks on tropical 
medicine into the full limelight of general medicine, so as to merit the title 
of the “ SiMi Venereal Disease,'* which has been bestowed upon it by 
Stannus. 

In tropical practice it is especiaUy prevalent amongst the European 
crews of warships visiting the coasts of East and West Africa, and is 
almost equally common in seafaring people (lascars, stewards, and British 
sailors) throu^out the whole of India, China, Malaya, Japan, the Mediter- 
ranean, West Indies, and South America. 

In 1918, Durand, Nicolas, and Favre described it in France, and possibly 
the condition long known as the “ strumous bubo ” is the same. 

lu 1988 Stannus and Findlay described an indigenous cafee in England. 
Since then the Editor has seen several, and more recently Anwyl Davies 
discovered three more. Now numerous reports of its occurrence in Italy, 
Rumania, and in fact the whole of Europe, are to hand. In the Unit^ 
States, this disease in aU its phases has been discover^, chiefly in negroes. 
At certain times and places it appears almost to be epidemic. There seems 
to be no doubt, that, in almost every instance, infection is acquired by 
sexual intercourse. 

i®tialogy.--Hellerstr6m md Wassto (1980) originally transmitted the 
virus obtained the pus of inguinal buboes to monkey, intracerebral 
nuiculation producing meningo*^oepbditis. The virus, which is apparentiy 
coutiuned in the lenooc^es, consists of minute partioles which can be easily 
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seen, and were figured by Findlay (1989). They can be stained by 
Victoria blue, Giemsa or Castenfida’s method ; with Giemsa, the larger 
bodies take on a bluish-purple tint, while with Castaneda’s stain they are 
reddish-purple. Larger and smaller forms of the virus particles can be 
demonstrated outside the cells, lying close to cell d6bri8, in compact 
colony-like masses. WTien they are within cells the elementary bodies 
may be found in the cytoplasm of either mononuclear or polymorphonu- 
clear leucocytes. Occasionally, these groups may attain considerable 
size, forming cyst-like spaces ; later, the cyst- wall may rupture. The 
larger forms have been observed in considerable numbers, chiefly within 
twenty-four hours of intracerebral inoculation. There therefore appears to 
be a development cycle of the virus which is complete in forty-eight hours. 
The virus particles, or granules, were first described in^cells from inguinal 
buboes by Gay and Prieto in 1927, and similar bodies were found by 
Findlay in 1938. ^Miyagawa (1988) finally concluded that they represented 
the virus and gave their measurements as 0*125-0*175 ix, while Findlay, 
Mackenzie and MacCallum thought that they resemble similar bodies 
found in psittacosis by Bt*dson and Bland in 1982. 

Intraglandular injection of goinea-pigg with the vims produces an inguinal 
bubo in almost every case, so that this method may be employed for diagnosis. 
The most reliable method at present is Findlay's intracerebral inoculation of 
white mice, which produces encephalitis. Miyagawa found that a chipmunk, 
Tamias asiaticus, is highly susceptible to intratestioular and intracerebral in- 
oculation. The virus can also be cultivated on chick ohorio-allantoio membrane 
in tissue culture. Ravaut, Levaditi, Lambling, and Cachera devised a method 
of isolating the virus from ulcerative |woctitis by inserting a portion of tissue 
under the skin of a guinea-pig. After a few days, the inguinal gland is excised, 
emulsified and injected intracerebrally into a monkey. In inoculated mice a 
characteristic train of symptoms is evolved in five to seventy days, in which 
weakness, parens, opisthotonos and convulsions occur. The concentration of 
the vims in the injected mouse brain is not great, so that dilutions greater than 
1 in 1 ,000 fail to give positive results. 

A protection text has been devised, by mixing equal parts of serum of the 
l]n3Aphogiwuloma patient with an emulsion of infected mouse brain, 
diluted 1 in 5 in normal saline, and kept for the night in the ice-chest at 4® C. 
Doses of 0*6 c.c. injectcHl intracerebrally do not produce encephalitis. 
The serum of monkeys which have recovered gives the same reaction. 

Pathology. — essential features of the pathology of the human 
gland consists in little pin-point epithelioid formations scattered all through 
the glwd substance. They are made up of masses of irregularly dispow^ 
macrophage cells together witti some giant cells. Hdppli described 
localn^ collections of eosinophils. Subsequently tiny micro-abscesses 
form. 

Symptoms. Primaru $ore , — Durand in 1918, and subsequently Han- 
scbell, described a small nerpetiform ulcer on the prepuce wh^ heals in s 
few days ; the adentitis proper does not commence until after the primary 
lesion has healed. Hanscbell believes that the does not usually 

occur in tl^ circonicised. The primary lesion is an erdfiion with dean 
edges, and is surrounded by a reetdened zone, but with only d^t infllhre- 
lion and induration. The base of the ulcer is usualljy whi^-gr6y« 



GLANDS 


628 


Adenitis . — The incubation period of adenitis is three to four weeks after 
cx)itu8,but it may be as long as six weeks to two months. The disease generally 
commences with remittent pyrexia, which may precede the actual localizing 
signs, and may be mistaken for typhoid. Soon, subacute inflammatory 
swellings of the groin glands are noted. The inflammation may be unilateral 
or bilateral ; while the oblique glands are most frequently affected, at 
tinies the cniral glands are attacked. Sometimes one groin is affected after 
the other. In well-marked cases, the internal iliac glands, sometimes 
the lumbar glands also, can be felt enlarged and tender on deep palpation. 
Signs of intoxication from absorption may be widespread, producing 
prolonged intermittent or remittent fevers, sometimes even pyrexia of 
108-f5° F. Rigors, vomiting, cyanosis, even slight jaundice, and con- 
siderable pain have l>een noted. Rhemmatic-like pains in joints and pain- 
ful effusions into joint cavities may also occur as a result of absorption. 
The affected glands slowly enlarge to the size of a hen’s egg, or even larger, 
and after several wet^ks, it may be months, the swelling gradually subsides 
(Fig. 104). Usually, the periglandular conmn^tive tissui^ inflame, and the 



Fig. developed clliimtic bubo in right groin, showing also small primary 

letioii on the corona penis. {A. H. Waiiers.) 

integuments bi*come adlierent until suppuration ceases. At other times 
fist\dou8 tracks fonn, and continuously exude a clear sticky fluid. The 
most striking clinical feature in the male is the extensive, inflammation of 
the periglandular tissues with comparatively little pain and suppuration. 
The following stages are recognized : — 

(1) A firm solitary gland, with no apparent causative lesion other than a 
recently-healed ulcer on the genitalia. 

(2) A firm solitary gland adherent to overlying skin and deeper tissues. 
Adjacent glands are enlarged, including external iliac glands, palpable as a 
mass above^ Pou part’s ligament. The affected glands tend to coalesce. 

(8) The glands in the groin soften and fluctuate. If incised, a cavity is 
disclosed, trabi^ulated by coarse, fibrous strands. 

(4) The softened gland-mass ulceratej through the skin, and spontaneous 
fistulaiion occurs. Secondary infection follows. 
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It was formerly believed that lyxnphogranulomatous adenitis was un- 
known in women (Hansehell, 1926), but it is now becoming recognized that 
typical mguinal poradenitis does occur, though inguinfd but^nic mani- 
festations are, on account of the different anatomical disposition of the 
lymphatic system in the female, comparatively rare; nevertheless, 
Galloway (1^6) recorded his familiarity with typical inguinal buboes in 
Chinese and Japanese prostitutes in Singapore. Most of the cases of 
mguinal buboes in women who have given a positive intradermal test {see 
below) have been reported among prostitutes by French writers, though 
definite evidence of the infection of wife by husband has been obtained in 
an English case under the Editor's care. 

EsQiwmhne and stricture of the rectum, — Esthiom^ne is an ulceration of the 
vulva associated with elephantiasis of the labia, formerly thought to be 
tuberculous. Stannus and others now believe that esthioin^ne is the 
counterpart of lymphogranuloma inguinale in the male. It has been 
recorded in all the countries of Europe and America, but there are very 
few references to it among tropical races, though Ghesterman on the 
Congo found typical cases amongst the native women, and also saw the 
geniio-ano-rec^ sjmdrome there. Gray and Yieh, from Shanghai, 
described four cases in Chinese females. The primary lesion is probably 
hidden in the posterior wall of the vagina, and the ana-rectal lymphatic 
gland is the fi^t to be attacked. The infiltration of this gland extends, 
via the lymph-flow, to the anterior part of the vulva, and posteriorly to the 
rectum, resulting in the geniUhano-redal syndrome, and finally scarring of 
the glands leads to rectal stricture. 

Fibrous stricture of the reclum, in both sexes, is probably due to the 
same virus. Authorities are now agreed that syphilis cannot be held 
responsible. Bectal stricture appears to be more frequent in Europeans 
thim in native races, though Maxwell reported it comparatively frequently 
in China ; Gray recorded it in both sexes in Nigeria, and Ghesterman on 
the Congo. Bajam, in Madras, in a clinic^ study of lymphogranuloma and 
allied conditions, reviewed 188 cases of poradenitis, and found buboes in 
99 males and 2 females, and the genito-anal syndrome in 18 males and 8 
females. The virus spreads from the initial site of implantation by the 
lymphatics to the inguinal and pelvic glands, and later the lymphatics of 
the anus and rectum become involved, producing at first proctitis and, later 
still, stncture of the rectum. The following varieties are recognized : — 

(1) Anal stricture in women associated with esthiomine. 

(2) Annular rectal stricture. 

(8) Tubular rectal stricture. 

(4) Bectal communicating strictures from ulceration between the rectum, 
bladder, va^^, prostate and seminal vesides. 

In 1982 Frei reported tiiat 80 per c^i. of eases of the gemto-aiio*ieetal 
syndrome gave a positire intrademuil test. < 

Extm^gMltnl infectioiis. — ^Extra-genital infections have been re- 
corded on the ton^^ue, fdlowed by glandular onlargmnents in the neck, by 
Cnrth ; in the aziBa by Hellerstrdm ; and on the loot LApinay and 
GrAtin. A possible relatioodiip with regional ffaitis (Crolm V duease) mm 
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suggested by Likely and Lisa; they recorded. a case in which multiple 
granulomata of the ileum were present with frank lymphogranuloma of 
vulva, vagina and rectum. 

Ocular lymphogranuloma. — This was described by Macnie (1941). 
The whole globe may be covered with granulation tissue and the washings 
of the conjunctival sac will infect monkeys. Curth and Sanders found that 
a number of cases of uveitis and kerato-conjunctivitis gave positive intra- 
dermal tests ; sometimes there is conjunctivitis with ciliary congestion. 
Fundus changes have l)een reported, also peripapillary oedema, dilatation 
and tortuosity of the veins. 

Complications. — Sometimes, if too much lymphatic tissue is removed 
by excision of the glands, an elephantoid condition of the leg and scrotum on 
the affected side may develop (Fig. 105). This is a grave objection to 
surgical interference, added to the fact that secondar^^ sepsis is very likely 
to ensue. Rupture of extensive lymphogranulomatous suppuration into 
the bladdcT has been recorded. 



P\%. l•5.--CflnMltic bubo two months after incbion and circumcision, showing 
sinus formation. {H, Wolfe Cowen.) 

Diagnosis.— The diagnosis of climatic bubo and lyrnphogmnuloma 
inguinale has been placed upon a scientific basis by the iittroduction of the 
intracuti-reaction (intradermal test) of Frei (1925), winch is now known as 
the iVei-Hoffmann reaction. Tlie antigen was originally prepared from the 
inffamed gland tissue. 

’ Frei’a method of preparing antigen for the skin test consisted of withdrawing 
the pua fix>in a gland which has undergone softening, but not fistulation. The 
aspirated pus is mixed with physiological saline, in the proportion of one part to 
five parts in a sterile tube, and immediately put up in J-c.c. to 1-o.c. doses in 
Jena hard glass ampoules. Thus prejMired, it is heated to 60° C. for two hours 
over a water hath, and the following day at 60° C. for one hour. The antigen 
should be reserved at a low temperature unexposed to l^ht. Tests must be 
repeated every three months, and should give negative reactions in skin of normal 
and oontnd patients sulTering fifom ufcus inofte. Careful experiments at the 

41 
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Albert Dock Hospital, London, with a controlled antigen prepared as above, 
have been satisfiftotoiy. 

A. H. Walters mc^ed the preparation of the antigen for routine use as 
follows : 

Hie affected gland, surgically removed, is plaoed in a sterile glass dish. It is 
then out in half and two equal portions are placed in sterile Petri dishes marked 
1 and 2. In specimen No. 1 the inner fun-point of necrotic material is macerated 
in physiological saline and inoculated at once into the inguinal region of guinea- 
pigs. Specimen No. 2 is macerated in physiologioal saline in a dilution of 1 in 
10 by weight, and then macerated in a water bath at 60® C. for one hour ; it 
is then filter^ under strict aseptic precautions through fine Whatman paper 
in order to remove larger masses. 

On receipt of positive animal inoculation results, three batches of antigen are 
pooled and subjected to further inactivation at 60® C. for one hour on each of 
two consecutive days. Emulsified braiRS of mice infected- with lymphogranuloma 
have been employed. These extracts are more easily obtaiimble and can be 
standardized, but pseudo-positive reactions occur and may lead to confusion, 
while reactionB may be obtained in normal persons with intradermal injection of 
DOTinal brain tissue. Hake and his colleagues prepared an extract of lympho- 
granuloma vims on egg yolk sac. It is known as lyf/fnnum. When tried out by 
SuUdn in a series of cases the results were conclusive. 

Ottohna (IMl) claimed that intradermal injection of 0 3 c.c. of cerebrospinal 
fluid from a previously proven case of lymphogranuloma gives a positive reaction. 
The cerebrospinal fluid is concentrate tn meuo from 10 c.c, to 2 c.c. before 
* injection. 

The Frei Hoffmann tesi, — The test is carried out on the same'lines as the Dick 
or Schick sensitization tests : 0 *1 c.c. of antigen is administered intracutaneously 
in the forearm, causing a wheal fi-10 mm. in diameter. Physiological saline or 
Dfndcoe chancroid antigen is administered on the other forearm as control. A 
positive result usually appears at the end of 24-46 hours and may vary in size 
from a circle of 1|^ in. in diameter to a considerable reaction about 3 in. in 
diameter. German writers have noted a hard mass (“ Sin karler Knoeken *") 
ofinfiltratedskin which may persist for a few days. This never occurs in negative 
cases. 

The WaseM ieM consists of producing a fatal encephalitis in mice by inooulatioa 

the virus. 

The disease must be differentiated from soft sore, filarial adenitis, and 
plagne, especially the ambulant form. In China espectaQy lymphogranu- 
loma bubc^ have to be distinguished from pestu minor ; they have also to 
be differmitiated from femor^ hernia, but these two conditions may be 
assodaied. TuIaraBtinia may also have to be differentiated. 

Blood ehonges . — ^There is usually a leucoeyiosis aceompanying the 
suppuration. In tlie Ediioris cases this has invariably so ; the 
leucocyte counts vary from 8,000 to 27^000^ but no cell-type is particalarly 
affected. 

SeroJogwal ekemgoo. — ^Hypeiglobulinasmia is omistantly present. The 
total protdiisaiw between 8* land 10-8 per cent, in florid cases. Theserum 
albm]^ IS about 8*9 percent.; smm globulin 8*9 to 8*6 per cent. 

A eomfkment-fiw0d^ teat has hem described by McKee »d in# col* 
leagues* Tbe antigen, 

infected limgs of mm gnmnd to^imlie a 19 per cent* stu^aihuon# 
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The readings are taken at the end of thirty minutes at 87® C. The lowest 
initial dilution of serum is 1 in 2. 

Treatment* — In the lymphogranulopaatous stage the inflamed gland, if 
discrete, can be excised, and the spread of further mischief appears to be 
avoided, but surgical interference to lay open the suppurating sinus or 
remove large masses of lymphatic tissue should be strongly deprecated for, 
as a result, the gland tissue may become secondarily infected with pyogenic 
organisms, a permanent lyipphatic sinus may form, or chronic lymphatic 
obstruction may ensue. Usually, excision of the mass when suppuration 
is present is not followed by clean and rapid healing, but by the formation 
of sinuses (Pig. 105). Stammers and Law found that surgical removal of 
the originally infected “ feeding gland ” may lead to the subsidence of a 
larger group of 8t»condarily involved glands. 

During the acute stage of the disease, treatment should consist of rest and 
the application of soothing dressings. 

Protein-slwck therapy is often followed by dramatic results, and the 
Editor has had considerable experience of this method of treatment. It is 
especially advantageous when suppuration has commenc^ed, and should l)e 
combined with aseptic aspiration of the gland. This aspiration may have to 
be repeated several times. 

Typhoid-paratyphoid vaccine (T.A.B.), or Pyrifer “ ‘ is employcKl, 
commencing with 60 million given intravenously and gradually increasing 
to 200 or 800 million, injections being given every third day. Two or three 
reactions are usually required before the buboes dry up and the surrounding 
induration disappears. This treatment should l>e combined with rest in 
l)ed, and antiphlogistine dressings. When there is active suppuration it is 
advisable to aspirate, ixiaking a small opening with a tenotomy knife, 
packing with gauze, and using silkworm stitch as a seton. 

Vaeeinr therapy , — The vaccine is prepared by excising a convenient portion of 
the gland mass, wluoh is cut up into small pieces, dehydrated over oaloium 
chloride, emulsified in saline and injected in increasing doses every second day, 
hut no reliable results have so jfar b^n obtained by this method. 

Treatmeilt by dni^s* — Tartar emetic , — Intravenous injections of tartar 
emetic have been used since 1925. Eight to fifteen injections of from 5 to 
10 C.C. of a 1 per cent, solution are required. The pentavalent compounds of 
antimony — such as neostibosan in recognized doses — have also been employed 
with apparent success. 

Anihiomaline (Lithium antimony tartrate) has been given intravenously or 
intramuscularly. Stammers and Iaw commence with a dose of 0*5 c.c. (6 per 
cent, solution) ; they increase each dose by 0*5 c.o. up to 2 c.c. twice weekly to 
a maximum total of 20 Injections. Normally only 10 are required. The average 
length of treatment in fimt and second stages is about four weeks. 

Sntphommidss , — MaoCallum and Undlay, by means of ohemotherapeutio 
expedmeiits on the virus of lymphogranuloma in the mouse, have shown that 
eulphonamides have a definite value. At present it is impossible to say why 
the virus of Ijrmphogranuloma inguinale fdone is susceptible to ohemothera- 
peutio aodem, while so many other viruses are insusceptible, but the evidence so 

* U s Bea. siSMmMcii in sUeiiitiit from S<>*500 million, prernred by Artstophiurtn Ltd., 
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far obtained seems to point to the fact that living virus may still be obtained 
from the brains of certain mice after prolonged treatment with sulphonamides. 

In the treatment of the disease in man Montel (1937) in Indo-China found the 
French preparation, nibiazol, curative, if given in courses over a prolonged period. 
Earle (1939) reported on the value of sulphapyridine, but recent reports indicate 
that in actual practice the results are disappointing. 

Treattnent of recial siricture , — The treatment of rectal stricture is difficult. 
Palliative measures consist in dilating by graduated bougies and injecting 
antiseptic solutions to cure the ulceration. Operative measures depend 
entirely upon the type of stricture present ; Lockhart-Muramery gives the 
following alternatives : internal proctotomy ; complete proctotomy ; 
excision of the stricture or of the rectum ; and colostomy. Bensaude and 
Lambling, on the other hand, consider diathernuc dilatation to be the best 
method, applied for twenty minutes every two or three days, for ten to 
twelve applications. Oibsoluble local anaesthetics, such as proctocaine, are 
best for post-operative rec*.tal pain. 

The medical treatment of rectal stricture and estliioni^ne has l)een im- 
provKl by the uitroduction of sulphonamides. Shropshear claimed 
success with sulphapyridine, in dom^s of 2 gnu. daily, for fifteen days, with 
a seven- to ten-day interval, after which the courst^ is repeated. Two 
patients recjuired 108 grm. in two fifteen-day treatments before symptoms 
disappeared. In women sulphapyridine checks leucorrhma and heals the 
ulcers. 
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ULCERATING GRANULOMA OF THE PUDENDA 

S3nionym. Granuloma Venereum, 

Definition. — ^An infective and granulomatous condition of the pudenda, 
widespread in some parts of the tropics, conveyed by sexual contact and 
auto-inoculation. 

Geographical distribution. — Ulcerating granuloma is widely diffused 
in India, Guiana, Brazil, West Indies, Port<j Rico, Papua, Pacific islands, 
and Northern Australia ; sporadically it occurs in the Southern United 
States, on the West Coast of Africa, and in Southern China. l)e Vogel 
ndateathat in the southern region of Dutch New Guim*a this disease a[)pear8 
in epidemic fonn and threatens the extinction of the local tribes. In only 
one case has spontaneous cure been observed. 

Etiology.— There U good reason for believing that the disease is generally, 
though not invariably, venereal ; very rarely, extragenital lesions have been 
observed, Cleland and Strangnian in Australia, Flu in Surinam, and Aragao in 
Brazil described certain parasitic bodies within the large mononuclear cells 
from scrapings of the lesions. The organism is like a short bacillus with rounded 
ends, and measures I jx by 0*2 g ; it was described and named Calym^natabacUrium 
ffranuUmatis by Donovan, and later by Araujo. Later, this organism was 
re-studied by E. L. Walker, who considered it to be a capsulated intracellular 
dipl(H^x!cus, probably BariUus mucoms mp9td(Uus^ one of the Friedlander group, 
'fhe secondary inv^er may bo the non-hiemob^ic anaerobic strt^ptoeocciis 
flf*scribed by Meleney (p. 634). 

Dienst and Greenblatt (1943) have not confirmed previous observations, 
and now think that the Donovan bodies are protozoa, in no way related to 
bacteria (the diphtheria group). The organism is selective for its particular 
host, reproduces by multiple segmentation within endothelial cells and is affected 
by antimony. bodies are further distinguished by retaining basic fuchsin 
stain when exposed to weak decolorizing agents. The smear from an ulcer is 
fixed, flooded with 0*6 per cent, aqueous fuchsin for two minutes, then washed 
with water and 0*5 per cent, citric acid until the dye ceases to leave the smear 
(6 sec.). The film is then washed in water and counterstained with 1 per cent, 
aqueous aniline blue for 5 minutes. 

Age and — Ulcerating granuloma has not been recorded before 

puberty ; it has been fovmd only after the age of 13 or 14’ and up to 40 or 
60. It occurs in both sexes, but more often in women, especially where) 
polyandry is practised. 

Pathology. — Histologioally this disease is allied to rhinoscleroma, and 
the close atsooiailon between these two diseases in Sumatra has been emphasized 
by Bnijders. On microscopical examiimtion the new growth at the margins of 
the sores Is found to be made up of nodul^, or masses of nodules, consisting of 
round cells having large and, usually, badly-staining nuclei. These oeU-nests of 
Malpighlaa oells are embedded in a delicate fibrous reticulum. An important 
feature in the hktopathology is a peculiar pathognomonic cell d^oribed by 
Fund and Greenblatt (Fig. 106). It is a large mononuclear varying itom 25 to 
90 (JL in diaroter, probably derived from a plasma cell. The speoifio cell, laden 

629 
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with the so-called Donovan bodies, can be shown best by the Dieterle silver 
impregnation method in which these bodies appear as dark brown or black 
elongated ovoid masses with intense bipolar staining. The nodular masses are, 
for the most part, covered by epithelium, their under-surfaces merging gradually 
into a thick, dense, fibrous stroma in which small clusters of similar round cells 
are here and there embedded. The growths* though v&ty vascular, contain no 
hmmorrhagee ; and there are no signs of suppuration or of caseation, no giant 
cells, and no tubercle bacilli. In vertical section of the small nodules the round- 
cell mass will be found to be wedge-shaped, the base of the wedge being towards 
the surface; the deep-lying apex is usually pierced by a hair or two. The 



lii.--Uksraliiif framdaiiia of msdciHla shewiiqE tlie pntlispiammAc cell and 
ciMtaincd Deaovan bodies. {After Fund and OreenMaU^ Arekfves of FaiMogg,'*) 

growth is found around sebaceous foliieles, blood-vessels, lymphatics, and 
sudoriferous glands ; but it is especially abundant, and most dee]dy sitnaled* 
around hak fdilicles. 

Symplomn. — The incubation period appears to be comparatively shorty 
from two to eight days aftm* sexual contact, but it may be as long ad 
twelve weeks, llie disease commehees in the great majority of oaaes 
sotnevdiem on tW gemtab, usi^y on the penii orlaUa msnoxa, the piibei» 
or groin, as m insignificant, eiiotiniseribed, nodular thickening and elevw* 
tionof^ikin. 1mafibol0fimrea,wliich on tlmwimbbelhvated above 
sunotmdii^ l^tiby dun, and covered with a very deHoatCi ptnlridi, eadt;^^ 
mbbed-off ^thelinm, excoriates readily, exposing a suitece whidi taods 
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to bleed and break down, although rarely ulcerating deeply. The disease 
advances in two ways ; by continu- 
ous excentric peripheral extension, 
and by auto-infection of an opposing 
surface. It exhibits a distinct predi- 
lection for warm and moist surfaces, 
particularly the folds between the 
scrotum and thighs, the labia, and 
the flexures of the thighs (Fig. 107). 

Its extension is very slow, years 
elapsing before it covers a large area. 

Concurrently with peripheral exten- 
sion, a dense, contracting, uneven, i 
readily breaking down scar forms ! 
on the surface travelled over by the | 
coarsely or finely nodulated elevated I 
neyf growth which constitutes the 
|)eripheral part of the diseased area. 

Occasionally, islands of active 
disease spring up in this scar tissue ; l•7.— Ulcciaf^ granuloma of 

but it is at the margin of the impli- In male, 

cated patch that the special features of the affection are best observed. In 
eases of long standing the partially-healed areas are covered with thin 
depigmented skin and thus show up as white patches. 

In the female (Pig. 108) the disease primarily attacks the cnira of the 



Pig. gmudma of faiaal a In funale. 

(/>r, M: ‘ ‘ 
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clitoris, thence extending into the vagina, over the labia, and along the 
flexures of the thighs. The women thus affected are rendered sterile. In 
the male the disease may spread over the penis, involve the glans, scrotum, 
and upper part of the thighs (Fig. 109). Occasionally, the glans penis is 
not involved. In either sex it may spread in the course of years to the 
pubes, over the perineum, and into the rectum, the recto- vaginal septum in 
the female ultimately breaking down. At times, a profuse watery discharge 
exudes, and even drips from the surface of the new growth, soiling the 
clothes, soddening the skin, and emitting a peculiarly offensive odour. Li 

this condition the disease, slowly ex- 
tending, continues for years, giving rise 
to inconvenience, and perhaps seriously 
implicating the urethra, vagina, or anus, 
but not otherwise materially impairing 
the health. In neither sex do the 
lymphatic glands become affected. The 
disease continues entirely local, but in 
the process of cicatrization the lymph- 
channels may become blocked, and 
pseudo-elephantiasis of the genitalia 
may occur. Impassable strictures of the 
urethra may result, and recto-vaginal 
fistula? are common. It may cauw* death 
by eating its way into the bladder, 
causing septic cystitis, as in a long- 
standing case under the Editor’s care. 

Diai^osis. — Bfalign^t and syphilitic 
ulcerations of the groin are common 
enough ; the disease under notice, however, 
diffm widely from these — clinically, 
hktoiogioaliy, and therapeutically. It is 
characterized by extreme chronioity— ten 
or more years ; by absence of cachexia or 
of any tendency to cause death ; by non- 
impheatiem of the lymphatic system as a 
whole, and by non-amenabiHty to mercury 
FIj. Jtf,--Ukcratfaif graiwlsiiis sf «^iodidc of potasdum. 

face and pails to a Ctonamaii. disease which it most resembles is 

(Dr. B, Bowes,) lupus vulgaris. From this it difibrs 

inasmuch as it is practically confined to 
the pudendal region ; tends to follow In its extension the folds of the skin ; 
and Is not associated* with the tubercle baeUlua, giant oeUa, caseation, or oth^ 
evidences of tubercukms disease. Unless cmmpacated by a coincident sydbOMo 
infi»ct^ the WasMinaiin mac^ is neg^e. The ineffieiei^ ofiinti- 

syfdiifi^c tit»tiiiimt soon oonvtoees the fdiyaiclan that ilm uloe^ 

to thto disease. Its chaiactefiitic mode of spread sufBcss to dfstinguiah It firara 
epithelioma and oarcltioiiia. The dlm^asges nloera^ granuloma have, 
'moreover, a peouHar acrid tonefi. Fund and GnmblaU descHbed a fungating 
fora affecting the oervkutcviin imgresses, which greatly resembles the utoerayvr 
and vegetative type of esretoonmeff the cervix. It has also to be disttogulllied 
fitra gmunrhaal endooervitto and fora dmpto rations. 
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. Treatment. — Scraping and caustics, including the actual cautery, have 
been freely employed ; but, although some improvement may be effected, 
new nodules almost invariably spring up in the resulting cicatrix. Until 
recently, complete excision, where practicable, offered the best chance of 
permanent cure ; such a proceeding had to be undertaken before large 
areas and important passages had become involved. 

Judpng from its relatively superficial nature, and close resemblance to 
lupus, it seemed probable that ulcerating granuloma might prove amenable 
to some form of radiotherapy. This is actually the case, and X-rays, 
originally suggested by Sequeira and Macleod, have been successfully 
employed in some cases in Madras. Treatment by intravenous injections 
of tartar emetic, introduced by Arag&o and Vianna in 1913, has also proved 
successful ; improvement usually sets in, and, although in a small propor- 
tion of caw^s relapses occur, in the vast majority the cure is radical. The 
drug should injected on alteniate days, commencing with ^ gr. dissolved 
in distilled water and gradually increasing by the same amount up to the 
maximum individual dose of 2 gr., but the total amount required to effect 
a cure varit^s withiri wide limits. The Editor had one case with a limited 
suprapubic lesion which healed compleUdy after a total of 17^ gr., while 
oth(‘rs requinni 170 gr. or more. Cicatrization usually takes place rapidly, 
but indolent ulceration may persist. Apparently stibacetin, neostibosan, 
stibenyl. and other pentavalent compounds of antimony are more efficacious 
than tartar emetic. From 3 to 4 grm. of the drugs is necessary. Giglioli, 
in Ilritish Guiana, gave two courses of se\en intravenous injections with 
45 days betw wn each courw\ Each injection consisted of 0* 1-0*6 grm. of 
sfilxmyl (stibacetin) dissolvetl in 20 c.c. of normal saline. He acliievt^d 
curt»8 by these inmns in cases resistant to tartar emetic. On the other 
band Earl(‘ coiisidtTed jouadin (a trivalent antimony salt) efficacious (see 
p. 686). Stibophen is another similar antimony preparation. The Editor 
has fniiiid it advisable to dn*s8 the ojK*n granulations daiW with an ointment 
containing 1 per cent.^ of antimony tartrate in white vast^line. It should 
b(» left on the sore for two hours, then wiped off carefully, and the sore 
washed with horacic solution and dressed with boraeic ointment. Inter- 
initb»nt dressing with eusol helps keep the surface clean. Radiant heat 
ap[dif d to the ulceration has proven! beneficial, while touching indolent 
Hfiots with a silver-nitrate stick w ill soni(»tiines promote healing. Wlien the 
sure is of liuiitcHl (‘xtent. excision and 8ub8e<|uent skin-grafting may be 
advisable, but a wide margin of healthy skin should be removed, or recurr- 
ence will most certainly take place. Tartar-emetic treatment may Iks 
combined with X-rays and with protein-shock treatment (Hanschell). 
These shock tn»atinent8 should alteniate with tartar emetic injections. 
Operative measures, such as the amputation of a badly ulcerated glans 
penis, may become iiect^ssary. 

In addition to medicinal means, it is often necessary to open up sinuses 
and to caoterisse undermined margins by the electric cautery. 

Many observers have drawn attention to types of ulcerating granuloma 

* Tu ftnUmony-Uftnito irintmetit, ttw tKweMRry Aiuciunt of anUiuooy taitrato i» Snit dinolved . 
in Ik of Squid piimmii tSwi made up to with white veaellno. The ointmeiit. 

intiet ma be ipi^ on ftbe hmilthy «kin. 
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vfaich are unafFected bj antimony. F. L. Iifeleney has noted the curative 
action of zinc peroxide in the treatment of anaSrobic organienie in acute 
surgical infections. This preparation had been used since 1908 by French 
and German surgeons, but for many years fell into disuse. Now it has been 
applied anew by Meleney in clironic ulcerations due to non-hasmolytic 
ansSrobio streptococci wUch have hitherto resisted other forms of treat- 
ment. The standard preparation of zinc peroxide is one which, when 
sterilized and suspended in distilled water, consistently yields oxygen 
while itself remaining soft. It must be rubbed into the wound, especially 
at its spreading margins, in gangrenous infections of the skin due to 



Fig. 1I&— Uksialtaf graMdMBa el the pdmdu toficted with aMi>hMiri)rtk 
stfcptececcM. (Or. BoMetfiM.) 

diim bnUae wlsb doe panndda UMtnwM and ciuiiilrt Kar4taw bnutlan. 

synergistic bacterial acticm, and in undwimning bonowing olcen (tf tlio 
non-gangrenoQB type. 

Tte fiowatioQ of oxygen depends nptm the presence of water, and there- 
fore zinc peroxide cannot be empbyed in mly solntions. The b^t prepara- 
tioo is that of the Da Pont Ch^ieal Co., Niagara Falls. It most be 
steriliaed atldfFC.&Mrfonrminates ; 6-26 am. are pot m large test-tabes, 
tite oontents of iriUch are mixed by means of a pyringe with enoiie^ disttOed 
wator to give a htmugeiieoas sospcaision with the eonostmey ^ w per oeot. 
onam. U is Own spiead so as to come into contact with ev«y paii ol the 
infected amlace, partienla ears bung ttriEcn to see that it onda Rie 
ondecmmed ddn and into Rie onoses, for whidi porpoee it m Regoeotly 
necessary to ose a Rioii oaRwter. Str^ of gaoae or nlfc ore dippM hito 
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the suspension, and introduced into the sinuses. The dressings should be 
changed daily, but in painful cases they may be left for two days. The 
Editor has observed a very serious case successfully treated in this manner 
when all other measures had failed^ (Pig. 110). It was also found advan- 
tageous to syringe out the sinuses with hydrogen peroxide. All sinuses 
must be thoroughly opened. 

Sulphomniid^t especially sulphapyridine, have, been successfully em- 
ployed at this stage. Ross and others rcwrded success with 3 grm. daily 
for fourteen days in early h^sions. Earle regarded sulphonamides as 
useful adjuvants to antimony treatment. 

Prophylaxis. — As this disease is most certainly spread by sexual 
connection, prevention consists in the avcudance of illicit intercourse, 
especially with native women. 



SectwB m-TROPICAL SKDT DISEASES 

chai’ter'xxxix 

NON-SPECIFIC, BACTERIAL, AND FUNGOUS SKIN DISEASES 

I. NON-SPECIFIC SKIN DISEASES 


Lbucoderma, or ritilipo, is extrenioly foniinon throiiKfiont. the tropics, and 
is by no means ctmfined to any particular race. Almost any part of the 
body may be affected. The atrophied, unpijrmented patches of skin slowly 



Ftg. 111 .— LetKodcma. {Dr. H. K. Giffen.) 


enlar^ periph««Ily, and may coalesce. Occasionally the whole Ixnly is 
aflect^, uid a certain amonnt of symmetry may Imi observed ; the hair of 
the affected parts may also become white (Fif(. 111). The texture and 
glands of the skin remain normal. The etiology of the disease is* unknown. 

TreatnwBt. — Boueki oil injections have for many yean been employed 
by the Calcutta School of Tropical Mediidne. The oil is extracted from the 
seeds of PooroHa eomMia. Maplestone used it as an irgection in otm- 
junction with inteatiouantueptics. The oil is the same as that eonunonly 
used for extnmal apjdkaitiw. The dose is 0*05 to 0*1 ojo. intradermatly 
at the margins of me patch ; the number of iiyeetions variea aeooadii^ to 
its me. After two to three weeks (hr* fonnathm of p^ment is iK>ti^> 



CHELOID m 

;iu(l gr^ually A* sc^cond or even a third series of injections may 

mihHequentlv be given. 

It is possible that cases with a positive Wassermann reaction are syphilitic 
and may be bene&ted by antisyphilitic treatment. Care must be taken not 
to mistake this condition for the depigmentation which is commonly seen in 
macular leprosy and yaws. 

CllELOID 

Synonym. Keloid. 

The term cheloid is applied to an overgrowth of fibrous tissue in the 
cellular layers of the corium. Hypertrophic scars are eomnion enough in 
Enroja^ans consequent u|>on surgical scars or bunis, but some Europeans are 
predisposi^d to develop the extensive hyperplasia known as cheloid. Central 
African negroes are espcKually liable, and in some tril)e8 cheloidal scars on 
the back, thigh or chest constitute a readily recognizable tribal mark. 
Similar fibrosis may occur in these people after a cautery, a healed 
syphilitic chancre, or even mosquito-bites. 

When fully developtni, the growth is w«‘ll defined ; on a white skin it is 
pinkish or brownish, but it has a distinct red or chocolate tinge on a dark 
jwrson. Growth takes place very slowly and, rarely, sarcomatous changes 
may super\’ene in the fibrous tissue. The growth may cause intense pain 
or a continuous ache when forming. 

Treatment* — Tlie most efficacious method, according to Macleod, is by 
radium. A full-strt»ngth radium jdate is scrwned off by a silver she£‘t 1mm. 
in thickness. The exjKisure should last lB-30 hours. Ia^ss brilliant results 
nre obtained by C0» 8now% especially in early lesions. Electrolysis (8 ma.) 
is also ust'ful, while occasionally X-rays are satisfactory. 

Keloid ought not to l>e diagnosed as nodular leprosy, but the mistake has 
been mode. 


11. BACTERIAL SKIN DISEASES 
UncuH Tropicum 

Synonym. Tmpical Sloughing PhagedcBna. 

Gmgraphical distribution. — Tropical ulcer is common in most 
t Topical eountri(*8, particularly in those with a hot, damp climate, principally 
in the jungle. These sort's are often named after the region^ in which they 
are specially prevalent — Mozambique ulcer, Yemen ulcer, Naga sore 
(Assam), etc. 

Ot^casionally this diseasi* assumes epidemic proportions. Lloyd 
batterson described one such epidemic which “ swept like a plague up the 
whole of Assam/* seriously interfering, with the efficiency of the labour 
force on the tea plantations. 

This form of ulcer was very common among the carriers attached to the 
l*ast African Force during the 1914-1918 war, and accounted for a con- 
siderable amount of invaliding, and among natives in Africa it causes an 
mimanse amount of‘ disability. It is the commonest cause of disability 
amongst labourers in Malaya, the Solomon Islands, New Guinea, andinde^ 
in the whole of Melanesia. The average stay in hospital is 141 days in 
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younger patients and up to 282 da 3 rs in older ones, so intractable lure these 
ulcers to treatment. In the West Indies, especially in Trinidad, the ulcers 
are rare in infancy, and Earle stated that they occur after the fifth year and 
attain their maximum incidence during the third decade. In a mixed 
community this incidence is highest in Indians. The majority occur 
during periods of low rainfall and low relative humidity. 

Etiology. — ^Prowazek attributed these uloers to Spirochceia mJumdinni. 

Although sloughing phagediena is evidently a germ disease, it is not readily 
oommunicated by ordiiuuy' inoculation either to man or to the lower animals. 
Apparently a concurrence of certain unknown conditions is essential. Lloyd 
Patterson, however, succeeded in producing a characteristic sore by bandaging 
a swab smeared with discharge from a t3rpical sore on to the surface of an abrasion, 
from which the scab had been remov^. 

Sloughing phagedssna is apt to attack the half-starved, malaria-stricken 



Fig. trefrfonii. 

pumeers in jungle Unde, over-diiveii labour gangs, and acddUrs campaigning 
in the tropios. In musk circumetafioes a aHg^t wcmnd, an abrasion, even an 
ineect-bite, or an old chronic ulcer may aerve aa the atarting-polni for one of 
these terrible aotea. Where yawa and aknuj^iing phagedmna are co-endmnio, 
the aoies of the former may become inUcted wi^ the viroa of the Utter, and 
aerioaa akmghmg and dcatridai cootractiona reanlt. The Uet and Uga, being 
moat exposed to mjury, are tim moat fieqnefl^ Uoationa of tIU form of uloeratioii ; 
but the arma, or any oUier part of the body, may aUo be atladted. The blood- 
caldnm content, bUod-mgar and blood-niea ate said to be mncdi dinrinUhed, 
probably aa the leanlt of <Mcieiit dieUty (MoCnllodk). On the olte hand, 
the Editor haa obaerved aeveral aevere oaeea hi othendae healthy and wdB-IWi 
Enropcaiia in whom a dietetie deficimioy could hardly be mknufy mmridmd* 
CUmente In MdaoeaU and Jamea in the Salonioii Idaada were tHamiAf of 
the i^pinion that diet deftelendes (oapecUIty BA debfflty and dlmatU SiSuri 
oonOdne In piedUpoaif^( to nUna ttopknim. For hiatanee. the faieMUftOt 
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0ago*eater8 is vastly greater than in those who subsist on taro. Tropical ulcer 
is rarer in West Afnoan native troops, whose diet includes a ration of red palm 
oil, than in East A^oan troops, who do not receive this. Some consider that 
fusiform bacilli and spirochieteB play a considerable part in tissue>destruction. 
A close relationship with chronic malaria appears to 1 ^ possible io the epidemic 
form of this disease, and stress is laid upon the importance of Buxton's line of 
separation between the malarial and non-malarial Paicific islands, which also 
marks the separation between phagedsenic and ulcer-free islands. It is apparently 
true that the virulence of the organisms responsible for ulcus tropicum is increased 
by transmission amongst susceptible people. 

Symptoms. — If the disease occurs in previously sound skin, the first 
indication is the formation of a larger or smaller bleb with sero-sanguinolent 
contents. The bleb may be attended with some pain and constitutional 
disturbance. When, in the course of a few hours, the bulla ruptures, an 
ash-grey, moist slough is exposed. The sloughing process rapidly extends 
in all directions until the skin and subcutaneous fascia over an area of an 
inch to many inches in diameter are converted into a yellowish, moist, 
horribly stinking slough. After a few days the centre of the slough begins 
to liquefy, the sore still continuing to extend at the periphery. In the course 
of a week or longer the sloughing process may cease and the slough be 
gradually thrown off (Fig. 112). Then it is seen that not only have the 
skin and superficial fascia .been destroyed, but in bad cases possibly muscles, 
tendons, nances, vessels, and even the periosteum of the bones, have shared 
in the gangrenous process. Fortunately, in many instances, the deeper 
structures are spart^, the disease being relatively limited and superficial. 
8f)metiiiiefl, however, important structures, including joints, l)onei^, and 
large blood-vessels, are destroyed ; in such cases, even if life be spared, 
grcMit deformity may ensue from different forms of ankylosis, or from 
strangulation of a disUl part by a contracting cicatrix, necessitating 
amputation (Fig. 118). 

DIagiiMts has to be made from the ulceration of yaws, syphilis, amoobic 
ulceration of the skin, oriental sore, varicose ulcers, and veld sore, and is 
usually not very difficult, a final diagnosis being arrived at by exclusion. 

Treatmrat.— As recent obsenr ations in Kenya Colony and Tanganyika 
Territory have shown that dietetics play an important part in the production 
(d ulcus tropicum. it is of the first importance to correct any cachectic 
state. Thus, good food, fresh vc^tables, lime-juice and quinine are 
almost invariably indicated. Corkhill in the Sudan found that much the 
same conditions hold there ; cod-liver oil dressings, for instance, combined 
with a liberid vitamin A dietary give good results. Opium in full doses, 
not nierelv to assua^ pain, but on account of its special action on the 
phagedisnic process, is usu^y of great sen-ioe. 

If the sore is extensive and septic, the Mtient should be anffistheiked, 
and the surface properly scraped and subsequently swabbed with pure 
carbolic. Directly healthy granulations appear, the deer should be treaty 
general principle* Other authorities prefer strong commercial formalin 
applied I^tiy once a day for two or three days, followed by a bismuth 
paste (BXPt) direcUy a scab has fonned^ 

dames stated that ulcers and thar oompUcationd accounted for most of 



640 


TROPICAL SKIN DISEASES 


the deaths in tiis hospitat in Xew Britain. In serious cases curetting? or 
excision is often necessary, followed by skin grafting, with or without 
copper sulphate treatfnent, James’ method is as follows : 

Copp(»r sulphate . . . . . 1 oz. 

Glycerin . - . . . . . 2 oz. 

Acid carbolic, 1 drill, to oz. of resulting solution. 

The coppt'r is crushed, placed with glyc(*rin into an enamel bowl and 
heated. It is then stirred and allowed to cool and a drachm of carbolic is 
added to each ounce of solution. The ulcer is gently cleani'd with wool 
swabs, the limb is placed horizontally, and the solution is ajrjdied on a 



FffC. Ill.—Ukus trofricum : acute caie In a European, evetilually cauiilng; loss of lei:. 


piece of wiki! the sizi* of a |>ea, tlie applicatkin Uung continued for two or 
three minub'S. A dn*ssing of acritlavine, ! in 1 JXK). on gauzi*, is applii^l 
and is covered by a hot fomentation. The afifdication may have to In* 
repeated twice daily. Most ulcers are clean after applications on two con- 
f«*ciitive moniings, and on the fourth moniing scarhd-red ointment and 
adh(*sive plaster can be applied. A somewhat similar methoil was advo- 
cab'd by Acton and Panja. Todd praised sjK*cially-prepare<l solutions of 
pitassium permanganate applied on cott<»n wool to the sloughing floor of 
the ulcer. The application is continued until pain is produced. 

Har)ey>Maiion in Kenya eniphaaiz<*d the value of tar an an application in 
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the mass treatment of natives, and reported on 300 cases treated in this manner. 
The ulcer is first swabbed out with eusol, any sloughs present are removed, 
and the surrounding skin is cleaned. The tar is spread on lint and changed every 
two or three days. Subst'quently, zinc ointment is used ; applications of zinc 
oxide and ichthyol are also recommended. Strocchi first cleansed with hydrogen 
peroxide and then applied gauze saturated with a preparation of arsenobenzol 
and iodine known as Neojodo I.C.I. Earle, in Trinidad, used applications of 
cod-liver and whale oil with success. Sulphonamides are of value in the early 
ulc*er8, but scarcely affect those of long standing. Hulphapyridine in daily doses 
of 3 grm. was found most useful. Douchet uw»d a saturated dressing of 8tt*rile 
ox-bile twict‘ daily. The bile apj^ears to digest the sloughs. 

Small supt‘rlicial ulcers respond readily to powd(‘ring with iodoform, or 
Ihl.P. (Irt'ssing, ami Kuhse(ju(‘nt firm stra[)piMg with elastoplast aft<^r 
I>ickson Wright’s method. When elastoplast cannot he obtained, a 8-in. 
spiral bandage acts w«*ll. SaytTS in the Solomon Islands found this method 
particularly siiited to the natives of tliat region. The strap})ing must }>e 
left on for one week. This iiicthod is based on the principk* that the best 
drt*ssing for the ulcerat<‘d surfact^ is its own discharge. Two longitudinal 
strij)s of clast oplast are aj>})lied to cover tin* malk‘oli, and further longi- 
tiulinal strips are placed ov<t the instep, over the t(uid(» .\chillis, and over 
the ulcer itself. A circular bandage is then applie<l. commencing from the 
toes and winding spirally tip tin* leg. N(> dressing is used. After twenty* 
four hours, in a had case, pus lt*ak.s thnaigli tlie bandage and the smell 
becom(*s objectionabb*. Then a plain bandage is applitnl, and, if th(‘ dis- 
charge is excessive, the bandage is removed after thret* days. At this 
time the ulcer may be larger, l>ut epitlielization will l>e o(*curring at tin* 
edges, and healthy gratuilations will a|)p<*ar. Spraying with insulin has been 
h)nml to j)romote hejiling at this stage. Hie h‘g should tlieii la* restra]»pt‘d 
ami not touched again for a week. 

Tliere is another elass of case where <*vt'rv simple imuliod fails and the 
ulc(>r continues to spread iii sjiit** of tin* most energetic measures. In these 
cases total excision of tin* ulcc*r folIow(*d by Hiierscli-grafting offers the 
only means of ultimate succt*ss. This method was used by l^rennan, 
-Anderson, ]{olM*rts in Kenya, and dames in tin* Solomon Islands. By 
means of a largo cur\ t*d bistoury tin* whole of tlu* infectt‘d tissue is removed. 
Tin* ulct*r is excised under sjiinal ana*stliesia ami not scraj)ed. The resulting 
wound should ho dre.ssed with i‘usol ami ointment twice daily until the sur- 
face is clean. .Afterwards, a dressing of Jbl.lb should he applied once daily 
for Hoiin* days until it is certain that then* is a granulating sin fact*. The site 
is now troated by skin grafting. According to Kn/i*r. wh(*n the Thiersch 
method fails, “ pinch grafting" of small circular patcln*s of wliole skin 
distrihubnl ov»‘r (in* area should he employed. It is saivl that complete 
healing takes place in fourtt*«‘n days. The grafts should he dressed with an 
emollient ointim'iit, c.f/., Tulle liras Linuihre (Anglo-French Drug Co., 238, 
Cray’s Inn Hoad, W'.C.l). W orkers in Ktaiya agn*e that the grafts usually 
take readily, and the stay in hospital aftt*r operation is one of twelve to 
ninete(*n days. 

In contrast to the energetic ineosurt's described above, L<x*w'enthal, in Uganda, 
claimed brilliant rt'sults with intravenous injections of < alcium. Fiftei*n grains 
of ealeium chloride in 10 c.e. of distilled water are injecU'd intravenously daily 

42 
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until the cure is complete ; the dose is doubled if a case proves resistant. It 
is said that the offensive odour is lost in the first week, sloughs in the second, 
and in the third there is a healthy granulating surface with rapidly extending 
epitlu‘lization. However, it is probable that, though disordered calcium 
metabolism may play some part in the j)roduction of these ulcers, yet the 
results of tn^atment would be improved by scraping and skin-grafting. 

Kerby reported zinc ionization useful in healing up n^sidual areas 
of ulceration. For this purpose a 1 per cent, solution of zinc sulphat(> lias 
been used at tlie rate of 2 lua. to (lie scpiare inch for 20-30 uiinutt^s. 

Veld Sore 

Synon3rniS. Septic Sort' ; DescTt Sore : Ilirc(M> Hot. 

Geographical distribution. — This |H'<*uIiar ulceration is widely distribuU'd 
in the tropics and subtrojiics wherever desert conditions exist. It has long 

been known in Quccmsland and the 
Northern Territory of Australia. 
It affec ted the British trooj)8 in the 
Sudan and South Afriean c-am- 
paigns. and eauscKla very consider- 
able amount of disability in < hvlli}K)li, 
Egypt, Pah‘stine and Iracj during 
the 1014 IS war. it has also lK*<*n 
pn'valent in British trcK)p8 in 
Palestine, Libya, Abyssinia, Eritrea 
and the* Middle East during the 
present war. In South Afric*a it is 
familiartos|)ort«meM and travellcjrs. 

iEtioIogy.— The cause of this 
c'ondition ha.s long Ixh:*!! obscure.^ 
In iOUH'raig, in the Sinai lX*»c‘rt, 
demonstratc'd t hedi pht heria bacillus 
in the Ic^sions. Whether this covers 
the letiology of all veld sort*s cannot 
at prescuit l»e aflirm<*d, but that a 
c’CTtain projKjrtionan* diphtherial in 
i»ngin may be taken as establishes! . 
By sterilizing the surfac'c* of the 
sore with absolute* alcohol and 
sc raping the c lear surface, a cultun* 
of the Klehs-IxifHer baeillus was obtained on LifUer’s scTurn. This (organism 
was fiathogenic to guinea-pigs and c{uails, and its lethal effects could be neutral- 
ized by injection of antidiphtfic ritie sc*rum. In the scfrous conU*nts of the blebs 
the typical granular bacillus was obs<*rv«Hl in sLuneti prf*[>arationH. (Fig. 114.) 

The desc^rt sores, as the Editor obwrved them among British tr<K)jw, CK*curn*<l 
most frequently in men of mounted units, esfK‘eially thorn* aaHo<riai<*d with hon«*s 
and enamels, and more recently similar lesions have found in cavalrymen. 
The rate of incidence (.‘oincides with that of a widespread epidc*mic of faucial 
diphtheria. Cameron and Muir (1942) deserilwd the lesions as they oceuritsl in 
mouiiU‘<l units in Palestine in the present war. AcuU* and chronic stages an? 
rec*ognized. Paralyses occuntni in a numla-r of jmtMuits in whom th<*re was 

’ II. II. rMttO Um- fnmi » viid tlw S. Afrlnin 

war ill IWU, in ('uhiuf it by ucpbrntiiiii nf w>niUi. 



Fig. I U.— Culture of Klebs-Loffler bacillus 
obtained from the veld sore shown in Fig. 1 15. 

(/>r, //. A. Oljlff tif AMtut, Ktjypt.) 
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no other focuB of infection than the »kin. Not all Bores on exposed parts are 
necessarily diphtherial in origin ; some arc primary staphylococcal. In Eritrea 
and Abyssinia it was noted by Louw' that the men of mechanical units with oil 
or grease on their clothing suffered less than others from septic ulceration. 
Ext?(*88ive dryness of the skin is a predisposing factor. 

Symptoms. ~ The sores occur almost invariably on the expo8C‘d parts, mainly 
those covered by hairs, such as the dorsum of the hand, the fore-arm, the elbows 
and knt'e-joints. iSomc‘time8 the lesions occur on the face, over the eyebrows 
and on the cheeks. They may arise de novo^ or be superimjKJsed on some 
abrasion. 

A n'gular 8ei|uence of events precedes the actual ulceration. At first a vesicle 
full of straw -col()ur(‘d fluid makes its appearance, generally in the vicinity of a 
hair follicle ; it may vary considerably in size. 1'he j)ain it occasions is cpiite 
out of pro|K)rtion to the size of the lesion. On bursting it leave s behind a shallow' 
ulcer covcTtnl with a thin grey jxdlicle. 'Plie raw' ulcerated surface is (*xquisitely 
teruler, and it may continin* to spread jHTipherally. (Fig. 115.) 



Fig. 115.— Veld sore on leg containing growth of Klebs-Loffler bacillus. 
(/>r. //. K. (tiffth.) 


After tin* inflammatory ihanges have lasted two or thm‘ weeks the ulcers 
cnttT U|M)n a chronic stage. .\t thi.s stag(‘ they art' characteristic in ap}KNirancc 
ami |K*rhapH are more familiar to practitioners than the ineijnent stages. The 
ulcers are punched-out, circular, with undermined edges and thickened margins ; 
their baw' is coV(*n‘d with grey-coloured and scaly debris, beneath which 
can fn*quently be distinguished an afiherent membrane, but little or no 
pus is dischargt'd. The jwculiar ulceration which results is most intractable, 
and resists all ext<*rnal forms of medication ; the talges become indurated, and 
the thickc'ued tissue^ has a cyanotic api>earance. In sores in which healing dotis 
take place, a thin jMi|H'r-like sear remains for several years. The actual ulceration 
may continue for two years or longer. 

The Klebs-lAiftler bacillus can be is(»lated from the primary lesions ; from 
the (ihronic ulcerations it is recovered with dilficulty, being overgrown with 
staphylococci and ot her organisms of suppuration. The best medium is Marshall 
tellurite. 

Diphtheritic^ j)ares<»s. or }>aralys<»a, have Ixen observed in association with 
thesi* HoreH ; in one series this t*f)tn plication occurred in 27 jK^r cent. Paralysis 
of the palate, arms and legs, and accommt)dation jmra lysis of the iris have 
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been observed. There may Ik? ataxia, loss of kncH^ jerks, anawtliesia and in 
ordination, reealUng at first sight locomotor ataxia or bcrilKTi. \V alshe jKKiiUxi 
out that the initial local paresis is in anatomical rc'lation to the siU^ of the infective 
focus, and may be taken to indicate direct fmssagc of toxins from the diphtheritic 
lesion along the neural channels to the central nervous system. Accommodation 
pareses, on the other hand, usually apjx^ar in the stH'ond w(H>k, no matter what 
the site of the local lesion may have been. Polyneuritis is usually delayed for 
three weeks or longer. 

Treatment. — The specific trt'atment for this kind of ulceration is anti- 
diphtheritic serum, which has a very striking effect in healing up ulcers that 
have jx'rsistod for a year or ev'cn longer. At least 20.0tKl units should lu' given, 



Fig. 116.— Veld H>re. Primary lesion on adductor 
aspect of thigh; secondary contact sore on scrotum. 

[('apt, ManOm, A.l>.<\) 


and should l>e injected subcutaneously or intramuscularly in the vicinity of the 
sores. In the present war, sulphonamides by the m<mth have bc'tm found useless, 
hut in chronic cases staphyloeoctjal vaccines an* adv(Kat4*<l, t^igethcr with 
compresses of hypertonic saline, ccKl-liver oil dn^sstngs, and clastof)la«t bandages. 
In some cases silver nitrate stick is l>eneficial. 

In 8taphyloco<x'al sores sulphonamide jmste and acriflavine ointment have 
betm employed <acTiflavine, 0-1 per cent.; adejjs Ian® anhydrous 45 jht cent. ; 
water 100 per cent., to which is added 10 jier cent, mdii mlph. for osmotic effect). 

Prophylaxis. — Protection of exposed parts of the bcnly, osfKJcially the kncK^s, 
against abrasion in desert regifms where thew Hort‘8 o(Tur. is obviously indicateci . 
Mounfrfl men should wear knee-brwches and should not be [jermitted U) ride 
in shorts. 'Fhe application of antiseptic lotions to any abraded surface at the 
earliest possible moment is also indicaU^. As thf*rc* is sr^me evidenc«* that dried 
horse- manure may act as a nidus of the bacillus, care should Ixt taken to avoid 
contact with this as far as possible. 
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Boils 

The anatomical and clinical features of this painful affection are too familiar 
to roc^uirc detailed description. Suffice it to say that a boil is produced by the 
proliferation of StaphyhKmcua jyyogenes aureus and alhus. Streptococcus pyogenes^ 
or other pyogenic; micro-organisms in the skin and subcutaneous tissue ; that 
the organisms give riw' to local and limiti^d infiltration of the tissues with lymph, 
leading to necrosis, the central core being surrounded by an areola of acute 
infiammation ; that this core is separatc'd by a process of sloughing and so got 
rid of, the resulting ulcer speedily healing, and leaving a depressed scar which, 
when occurring about the legs, may become pigmented. Though a self-limiting 
disease lo(;ally, it is nevertheless capable of being inoculated elsewhere in the 
same individual, both through a breach of surface and also by simple contact 
of the discharges with the skin, the micro-organism apparently enWring by a 
hair follicle. This aiito-inoculability of boils is apt to be overlooked. 

Comlitions of debility, j)ro8umably by lowering resistance, pn'dispose to 
boils ; the subjet‘ts of diai>eU'S are es|K‘cially liable to them, the saccharine 
state of the bhxKi or secr(‘tions 8<‘eming to be particularly favourable to gro\vi;h 
of the specific germ. In the tropics, boils are the frecjuent ac(‘ompaniinent of 
and WMpiel to malaria. 

Treatment. -Boils ought never, unless in very exceptional circumstances, 
to be fK)ulticed. P()ulti(*ing. although it may relieve the pain of the existing 
l)oil, is apt to l)e follow(*d by more boils in the area made sodden by the heat and 
moisture. Nor should boils be incised (»r 8(pieezed. The only exception to 
the rul(‘ of not cutting is a boil in the 8(‘alp or axilla. In the former situation, 
unh*ss o|M*n<‘d early, they are apt, es|K*cially in young children, to burrow and 
cauw' troublesome abst‘ess<\s ; in the latter situation boils tend to be very indolent 
and painful, and do not readily break through the lax integuments. 

In any situation in which the boil is liktdy U) be irritated by pressure or 
clothing, it is somedimt^s a g(H)d plan to eov(*r tlu* })art with a circle of wash- 
leatluT spri'aii with ,soaj> fdaster and having a small hole cut in its centre corre- 
sjK^nding to the a|H‘X of the boil or, under mod«*rn conditions, with a specially- 
prepared ehuHtt)plast strij). When a boil ofKUis, the tlischarge must be kept 
from soiling the a<l joining skin, and the patient must be warned against touching 
the skin elsewhere with pus-soiled fingers. The ])arts must be freciuently cleansed 
with 1 in 1,(K)() corrosive sublimate lotion, pc^wdered with boric acid, and covered 
with a dry, absorbent antisc*ptic dre.ssing. A thrv'atening boil may often be 
aborted by touching the little initial itching or vesiculated jmpule with some 
fienetrating anti84‘ptic. such as itxline tincture, or by painting it with collodion. 
A very successful method is to drill slowly into the centre of the papule with a 
lK)inted jKMJcil of hard wo<kI dipjxal in pure carbolic acid. The point of the 
IKTu il should {smetrate at Icivst an eighth of an inch, and should be frequently 
recharged with the acid during the drilling process ; the pain is trifling. In 
this way, in a severe attack of furunculosis, boil after boil may be aborted and 
the atUck brought to an (‘nd. In obstinate chronic furunculosis excellent 
results have oe<;asionally attendtal treatment by injections of an autogenous 
vaccine commencing with a dose of fifty millions and working up to three hundred 
millions of organisms. 

The effect of various sulphonamides and jamicillin on pyogenic suppuration 
is now iMung noBnl. 

In sulphathiazole, given in full doses of 3 grm. {xr diem, we possess a st)ecific 
for some oaw's of stiiphylocoecal suppuration. 

BKMPiimuH (kiNTAOiosus (Pyo.sis Mansoni) 

Geographical distribution. -Pemphigus contagiosus is very common in 
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South China during the hot weather ; in some years it may even be described 
as epidemic. It is }M'rennial in the Straits Settlements, and it is known in 
C’eylon, Madras, in North Queensland, Japan, and America. European are 
more liable to it than native cliildren ; Euroj)ean adults are by no means exempt, 
but the native adult is rartdy affected. 

iEtiology and pathology’. —Like impetigo contagiosa, this is undoubtedly 
a germ disease, caused by streptococci and staphylococci. Manson originally 
found a diploc<x*cus in epidermis and in the fluid of the blister. 

S3rmptoms. — Pemphigus contxgitwus closely resembles certain forms of the 
inn>etigo contagiosa of tem|xmite countries, and is probably a variety. The 
individual lesions, as can readily be ascertained by inoculation ex]KTiment8, 
begin as minute erythematous s|)ecks, which rapidly proceed to the formation 
of vesicles, bulla\ or even large |)(»mphigus-like blisters. 

Pem]>higu8 contagiosus may occur in almost any part of the IumIv. In young 
children it is usually diffuse ; in adults it is mostly confined to tlu‘ axilla' and 
crutch. 

Diagnosis. — Absemce of constitutional symptoms, or of a liistory of such, 
di.stinguishes ptunphigus contagiosus from chickenpox. Absence of trichophyton 
elements, and of a welLdefined, slightly raid'd, fe.stcsxied and itching margin, 
together with the presence of large bleb.s and scaling of the e])idermi8, dis- 
tinguishes it from ordinary forms of body ringworm — a disi'as<* with which, 
when occurring in the armpits and crutch in adults, it is frequently confounded. 

Treatment. — Cleanliness, the frequent ufw? of a corrosive sublimate lotion 
(I in 1,(X)0) and a du.sting-jK)wder of €*qual |»arts of boric acid, starch, and zinc 
oxide, or ammoniated mercury ointment are .sjx't ially (*ft‘ective. Sulphonamide 
compounds, esfxcially sulphapyridiiic in full doses of 3 grm. daily to an adult, 
were found effective by Earle. In the sclux)! and nursery those n'sfxmsible 
for the care of children must be inf(»rmed (»f the (!ontagiou8iK*8S of this unpleasant 
affection, and measure's must be instituted atrordingly. 

C’RAW'-CraW’ and riXERATIVE DERMATITIS 

S3monym. Nodular IXTinatitis. 

S3rmptoms. — Tlic term craw -craw i.s very loofs ly applitxl. Fhnily (h'scrilxHi 
under this name a jiapulo- pustular skin affection which i.s common in c<*rtain 
|)art8 of tropical Africa and is often the cause* of much suffering to the travtller. 
It, or a similar dis€*as«', is by no means confined to Africa, for it is wen in |Mitient8 
from ( evlon and India, and Mans*)!! was at one time very familiar with it in 
South China. I'he dis«'a«€‘ begins a« an it<'hing ]>apule, very |K>8sibly at the 
sc*at of a mewquito-bite. The itching provokes 8<'rat<'hing, w hercdi^' sorrlc form 
of pyogenic micro-organism is inoculated. Pustulation follows, and is spread 
over feet and legs by scaled sho<*8 and stockings, and by aut<i-inoculation. In 
this way an ulcerating, pustulating dermatitis is kept up. 

In the exudate of these {>apules O’Neil .originally found small filaria embryos 
which resembh'd the embrj'o of Arantkfjch^ilonffwt ftemiunn. Jlnimpt did not 
l>elieve that these* are examples of the embryos of Onchorerm as was 

affirme*d, but fxissiblv they are the same os the microfdariie dt'S<tril>ed by Macfie 
{see p. 938). 

Diagnosis. -The hard, homy jiapules of craw-craw have to be differemtiated 
from scabies, w hich is common in African natives. They have also to Ix^ dis- 
tinguished from the lichenoid eruptions (aumxi by microfilaria volvulus (p. 741). 

Treatment. -Emily descrilaxl a very efficient titmtment. I*usiules art* 
o{x*ned, crusts removed, and ulcers scraped. Boric-acid powder is then dusted 
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freely on the parts after a thorough scrubbing with sublimate lotion (1 in 1000) ; 
borated vaseline is applied on lint, and this is covered by absorbent cotton 
and a bandage. The dressings are not disturbed for a week, when the parts 
will be found soundly healed. Similar auto-infective diseases, so common in 
the tropic‘8, may l)e treatc‘d by prolonged soaking in a warm carbolic -acid lotion 
( 1 in 20), followed by dry dressing with boric powder. Infectc'd slippers, shcjes, 
and stockings should be destroyed. 

III. -PARASITIC DERMATITIS 
(’ercarial Dermatitis (Schistcjsome Dermatitis) 

Cort in Michigan (U.S.A.) in 1928 drew atUuition to a special kind of dermatitis 
pnKluced by Ctrcarin elxnr, and C. doutkitti was soon afterwards found to cause 
similar lesions. In England and Wales dermatitis after bathing in ponds and 
reservoirs has been noted by Math(*8on, Taylor and Raylis as due to C, orellaUu 
a form eloH<*ly allied to C. elvit. The ccTcariae burrow in the skin, where their 
h(‘ads Ixvorne arresU‘d and cause a pustular eruption. All the.se cercaria* are 
derived from different s|K*cies of snails, es|K*cially Lj/mnaa ocellaUi. (\ pIv<p 
and ('. onll/ita are large t*c*rcaria‘ nearly 1 mm. in hmgth overall, twic<‘ that 
of the bilhar/,ia ('crcarite ; the tail is bifurcate<l and all possess two suckers. 
(’(Tcarial d<Tmatitis is commonly known as “ se<lg(‘-jHK)l itch " or ’‘swimmer's 
itch," and takes the form of an itching ma( ul(»-urticarial dermatitis, later 
becoming papular or pustular; it may be, after a f<‘w days, actually exan- 
thematous, It is always conneeteil with paddling or swimming in infected 
waters a f<‘W days previously. A somewhat similar dermatitis is noted in 
assoeiation with eercarial {Hmetration in Bilharzia hnmatobia and H. mansoui 
infections. 

IV. ALLERCIC AND TOXK’ DERMATITIS 
Pyrkturi m Dermatitis 

Pyrethrurn dermatitis has been noted in Kenya, and is caused by the leaves 
and flowers of ('hrifsanthrmum cinerarifffoliutfK which grows at altitudes of 
r><tO 7000 feet and flowers throughout the year. The pyrethrurn content is 
1-2 |KT cent. Absorption is facilitated by constant sweating, and e.xpbsure 
to sunlight greatly exacerbat<‘s the lesions. Some |)ersons on contact e.xhibit 
mcrt‘ly a local dermatitis ; others show' a widespread allergy. Itcliing commences 
at the corners of tin* eyt'S. and is followed by lachrvmation, an in*itating vesicular 
rash, |H*eling of the skin, and formation of painful fissures. 

Poison Ivy Dermatitis (Dermatitis Venenata) 

Many tropical plants cau.se dermatitis w hit'll may assume an erythematous, 
vesicular or urticarial form. Intimate contact with the plants or its leaves is 
lU'ct'Hsary. Poison ivy {Rhus toriciHiendron), jioison sumat' {R. vernix), poison 
wtKxI {Melopium ioxiferum) in North Eastern and Southern Ignited States 
cauw? intense <lermatitis. Rejx'ated attacks do not prcKluce immunity. The 
venom is toxicodendru!, freat merit consists of washing the skin with soap and 
water; alcoholic or oily solutions must be avoided. Plot lies must be decon- 
taminated by immersion in 1 j)c»r cent, calcium hypochloriU' for twenty minutes. 

Other Forms of Dermatitis 

Several other plants and flow^ers may cause severe allergic dermatitis, such as 
eypri|)ediuni (lady's sli[)jK'rs), K u phorhia ^ primroses, lilies and vanilla beans ; 
sometimes also inangts's and, in Ja|)an, laetjuer made from Rhxts vernicifera, 
Iroko dermatitis. -Idiosyncrasy to wood dust is not uncommon. Iroko 
is a trade name for Chlorophora cxee/so, a tree of East and West tropica^l Africa, 
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and known as African teak. The dust produces the usual signs of allergy, with 
skin irritation, oedema of face, blepharospasm, acute coryza and pharyngitis. 
Other woods, such as satin wood, teak and mahogany, also produce allergy 
in susceptible persons. 

V.— CLIMATIC SKIN DISEASES 
Prickly Heat 

Synonym. Climatic hyperidrosis. 

IVickly heat, or, as it is sometimes called, lichen tropicus, is probably a form 
of miliaria (not of lichen) connected with the excessive sweating incident to 
the heat of tropical climates in association with high humidit\'. It therefore 
occurs especially in the Red Sea, Persian Gulf, the jilains of India, in Eritrea 
and Somaliland ; in the New World, in Panama and in northern parts of South 
America. 

AEtiology. — According to Pollitzer, the mechanism of its pnxluction dc{)end8 
on the non-coniification of the cells of the stratum corncum, the individual c<‘11h 
of which, in con8t*c|uence of being 8<xlden by constant perspiration, swell, and 
so obstruct the orifices of the sweat-glands, thereby leading to accumulation 
of sweat in the ducts. The blebs and bulla* are due to breakdown of fuiK’tion 
in the second form of sweat glands of the skin, es}M‘cially tlu* large coil sw't*at 
glands localized to the axilla* and genital regions. The miliary rash, commonly 
know n as prickly heat, is due to dysfunction of small sweat glands, and a [K*m- 
phigoid condition due to dysfunction of the large sweat glands. 

In scales obtained from the lesions, E. C. Smith demonstrat(‘d yeast -like 
budding forms and branching mycelium of a s])ecies of Oidium, hut tliis 
probably repre.sents a seci>ndary infection. 

Symptoms. — Many Euro[)eans in the tropi('s suffer from prickly heat, 
particularly during the earlier years of residence. Some ii(*vcr seem to 
lH*come acclimatized, but continue year after year to c^xliihit their crop of 
prickly-boat h^sions when the hot season comes round. 

Though sufficiently annoying in the robust an<l healthy, |)rickly heat is 
not a grave affair. It is otherwise in the invalid, d(*licalc* sickly children, 
hysterical and, especially, parturient women ; to tht*se it may [)ro\’e, by 
interfering with sleep and provoking re*stlessness, a very serious mattc-r. 

Prickly heat consists of a miliary-like enqdion, generally most profuse on 
those part.s of the Ixxly, as around the waist, which are closely covered with 
clothing ; hut it al.-^o occurs on the* hacks of tla* hands, on the* arms, legs, 
forehead, occasionally ihet fa<*e, th*r scalp, in fact on any part of the sur- 
face of the body except the palms and .sok*s. The minute, shining, glass-like 
vesicles, and the numerous, cIose*ly-se‘t, sliglitly inflame*d papule*s, give* the? 
skin a feeding of he*ing thickly Hprinkle*d with grains of sand. The <*ru[>(iol» 
may continue* fe)r months on end, Ux-oniing lMdte*r or wiirse aceureling to 
eircurn8tancc*8. The pricking and itching are* often e*xce‘edingly distre*ssing. 
Anything leading to fH*r8piration imine*diate*ly provokes an outburst of this 
almost inte>le?rable itching -nothing more c<*rtainly than a cuj) of hot te*a or 
a plate oi hot soup. Long drinks, exposure te> thei hot sun, close rooms, 
warm clothing, all aggravate^ the distreiss. As soon as the we^ath^^r beceunes 
coed the eruption and the? irritation <|uickly subside. 

Blomfiedd (1948) divided the feirnis of prickly hciit clinically intei (1) 
miliaria, (2; multiple IkuIs, (8) inipetigiiions, (4; peinfdugous, (5) pustular 
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with fungous infection. A special and distinct form of boil develops, con- 
sisting of insidious, painful blisters, especially on the fingers. These are 
deep-seated whitish swellings, very often with paronychia. An impetiginous 
rash is a frequent concomitant infection. 

A very severe form consists of very painful symmetrical crops of blebs 
and InillaB in armpits and crutch. The bull® are filled with thin pus, and 
are surrounded by a bright red ring of acute inflammation. 

Th(* petnphigoid state is a late stage of the disease, and is often compli- 
cated by secondary fungous infection. 

Treatment.— Manifestly, the most important thing is the avoidance of 
all causes of perspiration — particularly tlie copious consumption of fluids, 
es{)ecially hot fluids— moderation in exercisi*, avoiding sea-bathing, close 
rooms, warm clothing, and so forth. A towel should be carried to mop up 
sweat. I'he sleej)ing-mattress and pillow should be covered with a finely 
wov(*n grass mat, and the IkhI provided with what is known in the East as 
a “ l)utch wift* ’’- that is, a holl(>w' cylinder, 4 ft. by 8 or 10 in., of open 
rattan work, ov(t which the arms and legs can be thrown, and unnecessary 
a[qu»siti<ui of sweating surfaces so avoided, A punkah at night is a great 
comfort. Afridol soa[), containing oxymercuriotoIuylat(» of sodium, in 
which mercury is in non-ionizable form, can be recommended as a preventive 
and a curative measun?. The soap is powerfully germicidal and should be 
used twice daily with warm water. A firm latlier should be produced in warm 
watiT and ap])Iied to tlie arTected parts. The lather should be left to dry 
on the skin for a (piarter of an hour so that it can exercise its full effect, 
after which time it can be thoroughly washed off. When this is unpro- 
curabl(‘, hydrarg. perchlor., 1 in 1(KK) solution, may be us<*d, followed by 
b»>ric acid, calaniim* and zinc oxide in equal |)arts as a dusting powder. 
Midgl(‘y’s “ Medist)aps ” are also recommended. t*specially one containing 
20 per cent, carbolic acid, and a st»cond containing mercury biniodide. 
Every bathroom in the tropics should be provided with some mildly astrin- 
gent and antisej)tic dusting ptjwder. A v(*rv good one consists of equal 
parts of boric acid, oxide of zinc, and starch. This should be freely applied, 
after careful drying of the skin, particularly to the axilhe, the crutch, under 
the mamnue in women, and ludwwn tin* folds of skin in fat children and 
adults. A simplf* pr(*caution of this sort savt*s much suffering both from 
|)rickly heat and from epiphytic skin disease. Huge recommends rice 
[K)wder containing a little demiin. 

The fre(}iu‘nt application of a salicylic-acid (1 dr.) and s}>irit (8 oz.) lotion 
has been advis(Kl. Hc'arse strongly recommends the inunction of a mixture 
of almond oil and lanolin in the proportion of 8 to 1. Some consider thin 
flannel a b(*tler \\vi\r than cotton or linen as a preventive of prickly heat. 
Sometiin(*H tin* following powder, gently rublx'd in for five or ten minutes 
w ith a damp sponge, will cure bad patches : sublimed sulphur, 80 parts ; 
magnesia, 15 parts ; oxide of zinc, 5 parts. Calamine lotion, with or 
without hydrocyanic or carbolic acids (2 per cent.), relieves the itching 
and is strongly recommended. 

Tno PI CAL Cn kiuopom ph ol yx 

This name is given to vesicular eruptions on the hands, fingers or feet. 
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In the majority of cases these are due simply to eczema ; others are signs 
of dermatitis due to external irritants, or are toxic eruptions due to ring- 
worm infection of the toes. Owing to the thickness of the horny layer on 
the hand, the vesicles cannot rupture as they would elsewhere, and remain 
in the skin for days like grains of boiled sago. The best treatment is 
calamine and lead lotion \^nth liquor picis carbonis, and sometimes the 
addition of weekly doses of a quarter of a pastille of X-rays, not more than 
four in all. 

It is claimed by Fitz-Patrick that a distinct form, endemic in tropical 
Africa and India, is caused by an anaerobic bacterium which attacks the 
palmar and interdigital aspects of the hands and the plantar aspects of the 
feet. The following ointment is said to be specitic : 


(yoal tar ....... 3 parts 

Powdered charcoal 1 part 

Zinc oxide . . 4 imrts 

Lanolin and vaseline 12 parts 


The ointment is rubbed well into the affected parts, and cotton gloves or 
socks are woni. In conjunction with this, resorcin soap must be used. 


VI. FUNGOUS SKIN DISEASES 

Dhobib's Itch (Tinka CBriu.s) a no Pityriasis Versicolor 

yEdology and nomenclature. — Hy the lay public all epiphytic skin 
diseases in the tropics — more especially all fi>nns of int<*rtrigo — are spoken 
of as dhobk's (washerman’s) itch, in tin* ladief, probably not very well 
founded, that they are contracted fnmi clothi^ which have ht^Ti con- 
taminated at the washerman’s. Then? are many sources of ringworm 
infection in w^arm climaU*s b€*sides the much-maligned dhobie. 

In the tropics, native children ofL-n exhibit dry, scurfy patches of ring- 
worm on the scalp ; and the skin of the trunk and limits of adults is not 
infrequently affected w'ith red, slightly raised, itching rings, or segments of 
rings, of trichophyton infection. In some cases these ring.n laiclose areas 
that are many inches in diameter. 

Pityriasis versieolar (Tinea versicolor) is also very common in th(» tropics . 
It is the usual cause of the pale, fawn-c(doured, slightly scurfy patches so 
frequently a feature of the dark-skinned bodies of natives# On the dark- 
pigmented skins of negroes, Indians and dark-complexioned Uliines<s the 
patch of pityriasis — unlike that in Europeans and light-skinned Cbincwe— 
is usually paler than the healthy integument surrounding it. The pigment 
in the fungus and the profuse growth of the latter concyeal, as a coat of paint 
might, the dark underlying natural pi^ient of the skin, which, moreover, 
in certain cases seems to affected (either increased or decreased) by the 
action of the fungus. The disease is most commonly seen in young adults, 
is favoured by excessive perspiration, and especially by ffannel underwear, 
and is rarely seen in the aged. 

Several varieties of fungi may lie involved in Ibt? production of pityriasis; 
besides Malassena furfur , the l>f«t-kjK#w*n is M, nmnsonit of which a culture 
m maltose-agar produces black hemispherical colonies, i 
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black patches on the affected skin% The mycelium and spores are refract ile 
with slow buddin". The hyphce are 2-3 /a, the spores 3-8 /x. 

The expression dhobie’s itch, although applied to any itching, ringworm- 
like affection of any part of the skin, most commonly refers to some form of 
epiphytic disease of the crutch or axilla. This infection has now become 
widesi)read in Great Britain and is endemic in many English public schools, 
wlu*re it is spread by infected clothes and water-closet seats. There are at 
least two species of parasite which in the tropics are apt to attack those 
situations, nanudy a trichophyton — Epidermophytm inguinale — and 
Actinomyces minntissimum of erythrasina. 

E. inguinale is peculiar to man only ; it is not easily cultivated, and grows 
slowly. t)n Sabouraud's agar medium it takes a week to develop, and appears 
first as jKiwdery grow'th. The mycelium is 1 (jl in diameter, often fragmented 
into bacillary arthrospores. 



Fif. 117.- -Dhobie^s Itch, symmetrical lesions in groins. 


Symptoms. -The sutTering to which ct*rtain forms of dhobie’s itch give 
ris«‘ is often severe. In hot damp weatlier. especially, the germs proliferate 
activ(*Iy, [iroducing. it may Im». smart dermatitis. The affection begins 
UHually as slightly raised, rounded and elevated papules whieh spread 
lH*riphiTalIy, producing a raised festooned border cov^ered with thick scales. 
The excessive irritation thus set up leads to scratching and, very likely, 
from secondary bacterial invtision, to boils or small abscesses. The crutch, 
or axillns or both, an^ sometimes rendered .so raw and tender that the patient 
may be tumble to walk or even to dress. (Fig. 117). It commonly extends 
l)aekwar(lH on the j>erineum and into the natal cleft about the anus. It often 
affects the skin under jieiidulous brt>asts and occasionally forms patches 
restunbling timm circinata on the thighs. The irritations thus produced 
are usually worse at night, and may ktH*p the patient awake for hours. 
10 veil without treatment, when the cold season comes round, the dermatitis 
and irritation subside spontaneously. The affected parts then become dry. 
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pigmented, and scurfy, and the fungus remains quiescent until the return 
of the next hot weather. 

Diagnosis. — The diagnosis of mycotic dermatitis is usually easily made, 
the festooned margin is almost conclusive. If doubte xists, the microscope 
may be necessary ; but, owing to the inflamed condition of the parts, there 
may be much difficulty in finding fungous elements, even when the case is 
certainly epiphytic. A negative result is, therefore, not always conclusive 
against ringworm. The mycelial elements can be distinguished in epi- 
dermal scales soaked in liquor potass®. It has to b(‘ distinguished from 
seborrhoeic dennaiiiis, intertri(jo and flexural psoriasis. 

Treatment. — The patient should get two pairs of running shorts, which 
should be worn on alternate days, the pair not in use being boiled. After a 
thorough use of soap and water, the application of Vlemi7U'kx\9 solution of 
sulphide of calcium (1 oz. quicklime. 2 oz. precipitated sulphur, 15 oz. 
water, boiled together in an earthenware vessel till reduced to 10 oz. : the 
clear sherry- coloured fluid being decanted after subsidence) every night for 
three or four nights generally brings alK)ut a rapid cure. If the parts are 
inflamed and tender, the solution should be diluted to half- or quarter- 
strength for the first two applications. A preliminary soothing treatment 
by lead lotion, or an ichthyol or hazeline cream, is desirable in such cases. 
A tinctiu^ of the leaves of Cassia alata paint^ed on, or vigorous rubbing with 
the crushed leaves themselves, is equally succt^ssful. If these fail, chryso- 
phanic acid ointment, 20 gr. to the ounce of vaseline, rubbed in twice a day 
until a plight erythema show’s at the edge of the diseased patch, is almost 
invariably successful. \Mxen prescribing chrysophanic acid the physician 
must be careful to inform the patient of its staining effect on clothe, s ; to 
warn him to stop its use as soon as the erythematous ring shows, and to l)e 
careful not to apply the ointment to the face. 

More conveniently, chrysophanic acid may bc» prescril>ed in the following 
form with gutta-percha, and should l)e painted on with a brush on alteniate 
nights. 

Acid, chrysopban. . . . gr.xx (1*296 grm.) 

Chlorof. . . . *3* (3*6 c.c.) 

Liq. gotta-perchie . *51 (28*42 c.c.) 

Cignolin is a synthetic chrysarohin and is us<*ful in all fungoid skin 
affections, in fungus of the nails, cheiropompholyx, and in psoriasis. 
Cignolin is apparently free from toxic action on the kidneys, and in neat 
concentrations it can be applied to the scalp without any danger of con- 
junctivitis. The prescription is cadojel (a proprietary tar pmparation), 
1 grni. ; cignolin, 0*l-O2 grm. ; benzol, 10 grm. H cadojel is not obtainable, 
a suitable fonnula is : 

01, cadin (deod.) . , fl[x\ (2*368 c.c.) 

Cignolin .... gr.iv (0*259 grm.) 

Benzol rect Ji (28*42 c.c.) 

The combination of cignolin and tar follows the indications closely, for 
the former has a parasiticidal action and the latter is unrivalled for its 
soothing properties. 

The method of application is very simple, the affected areas being painted 
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with the solution twice daily and then covered with strips of gauze. If 
there is too much irritation, then the painted areas are further protected 
with a thin layer of Lassar’s paste or calamine lotion. 

The following are the other prescriptions of Cignolin which may be used 
for this or any other fungus aflection. 

1. Cignolin .... gr.x (0*648 grm.) 

Chlorof. meth. ad . . . 5i (28-42 c.c.) 

Ft. 8ol.= Cignolin paint. 

2. Cignolin .... gr.iv (0-259 grm.) 

Zinc oxid. .... 3®® (1*^44 grm.) 

Ol. oliv. ad .... Jss (14*21 c.c.) 

Ft. unguentum. 

3. Cignolin .... gr.ss (0-032 grm.) 

Liq. carb. deU*rg. . . . 3®® (1-176 c.c.) 

Acid, salicyl.. . . . gr.iii (0-194 grm.) 

Paraff. moll, ad . . . J as (15-55 grm.) 

Ft. unguentum. 

4. Cignolin .... gr.v (0*324 grm.) 

lohthyol .... 3®® (1*944 grm.) 

Paraff. moll, ad . . . 5i (31*1 grm.) 

Ft. unguentum 

Hallow (1936) endorsed the value of cignolin treatment in his account 
of 310 ctises treated in this manner. The patient should be isolated and 
kept in clean pyjamas during treatment. For tliree days cignolin, 2 per 
cent, in soft paraffin, is applied with bandages : even if one thigh only is 
affected, lx)th should be treatf^d. At the end of this period, only disinfected 
or non-infected clothing should Ik's worn, and, as an additional precaution, 
iingutmtum acid. Ixmz. should 1 m? applied nightly to the treated areas. 

Tincture of merthiolate (Eli Lilly & Co.) is also effective (p. 655). 

For the ringworms of the thick-skinned natives, linimentum iodi of 
double strength, freely applied, is the best, speediest and most efficient 
remedy, but it is too irritating and painful for the European skin. 

Prophylaxis. — The various forms of crutch dhobie’s itch may be 
avoided by wearing next the skin short cotton bathing-drawers and chang- 
ing them daily, at the same time powdering, after the daily bath, the axillte 
and crutch with equal parts of Imric acid, oxide of zinc, and starch. 

Kingwoum of the Feet (Hongkong Foot ; Athlete’s Foot ; Brocq’s 
Eczem.\ ; Tinea Pedis) 

A pmiliarly intractable infection of the soles of tbe feet, occurring 
especially amongst Europeans, is commonly observed in China and is 
known locally as “ Hongkong foot.” This mycotic infection, as identified 
by Dodd, is believed to be a variety of Epidermophylon inguinale y or, 
according to Beintemar, E. inierdigitale. It occurs especially during the 
summer months and appears as deep-seated vesicles about the inner 
margin of the hollow of the sole, or on, or between, the toes at their proximal 
extremities ; or as a macerated condition of the skin of the interdigital 
clefts and of the contiguous surface ; scaling of the skin with persistent 
and intolerable itching is a marked feature, and it often becomes secondarily 
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infected (Fig. 118). Often a mycotic infection of the nails and the palms 
of the hands is associated with it. resembling Hebra’s eczema marginatum, 
which is said to be due to a special fungus, E.floccosum. A similar condition 
has been described in Turkish baths in England by Whitheld, and in 
swimming baths in the Southern United States, as well as among bathers 
in Holland. As a preventive measure the application of the following 
lotion is recommended : 

Liq. formaldehyd. (40 per cent.) Ji (3-5 c.c.) 

Acid, salicyl 3* (3*5 c.c.) 

Alcohol and water, equal parts . Jviii (227*36 c.c.) 

Care must l>e taken to distinguish the eczema reactions which are 
superimposed upon foot ringworm. Where such reaction is present treat- 
ment must be directed on other lines. 



Fig. 113.— Ringworm of the foot. 


Treatment. — The application of Whitfield’s ointment, after the feet 
have been soaked in hot water, is r<»commended : salicylic acid 1 , bcmzoic 
acid 1, coco-nut oil 12, soft paraffin 16 parts. This ointment must be 
persisted with for three weeks or more. 

Rademacher (1948) recommended the following treatment, which 
has been found most effective during the present w^ur : 25 per cent, sulpha- 
thiazole in talc is dusted on to the lesions daily. Definite improvement 
appears within forty-eight hours. A commercial preparation consists of 
5 per cent. sulphatUazole in a bland ointment and has been found satis- 
factory. All infected areas should be covered with a film of the powder. 
The criterion of cure is the healing of all lesions and disappearance of 
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adherent cutaneous debris. In refractory cases 10 per cent, of powdered 
sulphathiazole is made up with 2 per cent, salicylic acid ointment. The 
course of treatment lasts from two weeks to one month. 

Other authorities favour azochloramide in triacetin, 1 in 500. This 
penetrates some distance into the tissue^s and thus enables the germicide 
— azochloramid(^ — to extirpate the deeper filaments. This preparation 
N-N — dichloroazo-dicarbonamidine, is a complex chlorine compound, 
which liberates chlorine slowly. 

A preparation which can also bo recommended is Merthiolate cream (Eli 
Lilly dr Co.) and also tincture of merthiolate, a solution of merthiolate in 
spirit, which sinks deep into the affected skin and thereby kills off the 
spor(*s of the fungus. 

Fur eczematous complications the toes should be separated by strips of 
gauze, and the foot should bt‘ covered with it and kept constantly wet 
with glycerine of lead subacetate, 1 oz., glycerine, 1 oz. and watt*r to 1 pint. 
This lotion can bo later replaced by Lassar’s paste. If a staphylococeal 
infection is present, dressings of acriflavine, 1 in 20,000, should be applied. 

As an after treatnuMit Maclood recomm“nded bathing or paddling in 
sea- water. 

Infected patients should take careful precautions against the spread of 
tlie fungus, and should wear special slippers in the bathroom. Loofah 
soles and bath towels are recommended as they can be sterilized by 
washing. 

Ah a measure against re-infection the patient may wear cotton toe-caps, 
which must boiled, and he should also have a rubber bath-mat for 
exclusive ]H‘rsonal use. 

IiiNGWOH.M OF THE N.MLS {Thwa Ungidum) 

This is a mycotic infection of the nails and is a comparatively common 
and extremely intractable condition in Europeans, especially in India and 
China ; it may last for twenty yeurs or more. It may occur as an inde- 
pendent affeK*tion, or secondary to ringworm of the skin, scalp or beard, 
and is often found in association with tinea cruris. One or all of the nails 
of l)oth hands and feet may be attacked. The fungus is a trichophyton, 
usually Epidermo'i)hijion inguinale, 

Tho fungus first attacks the epidermis of the nail-bed and gradually 
invades the nail matrix. In doing so it causes considerable discoloration, 
ridging and lissuring of the nail itself, which becomes opacjiu*, with a brittle, 
frayed edge. The fungus may pass from the skin over the nail-fold and in 
this manner reach the matrix. 

Diagnosis. — The appearance of the affected nail is not sufficiently 
characteristic to be distinguished without microscopic examination. The 
disease is generally well advanced before it can be recognized. For micro- 
scopic diagnosis, scrapings of the nail are boiled in liquor potass®, or left 
to soak for twenty-four hours. The scrapings themselves should be made 
as thin as possible with a piece of glass. The fungus can then be recognized 
in the sofl,ened nail debris, especially in small dark hemorrhagic spots. 
The diseases liable to cH)nfusion with ringworm of the nails are eczema, 
syphilis and, especially, psoriasis. 
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Treatment. — In the early stages, when the lunule is attacked, t 
disease may be stamped out by softening the aflfected portion with soluti 
potash, and painting with tincture of iodine or with a 2 per cent, soluti 
of corrosive sublimate in alcohol, twice daily. When the nail is complete 
involved, cure is almost impossible save by extirpation or by avulsic 
The result is, however, disappointing, as the new nail usually beconi 
infected in turn. After removal, the thickened nail-bed should be scrapt 
and the matrix dressed with a parasitical ointment ; 

Acid, salioyl. .... gr.xxx (1*944 grm.) 

Hydrarg. ammon. . . . gr.xv (0*097 grm.) 

Vaseline . . . *51 (31*1 grm.) 

The shedding of the nails by application of X-rays is unsat isfac tor 
Less severe cases are treated by softening the nail-plate by wearing rubl 
finger-stalls containing soft soap for a few days : the softened nail is th 
scraped down as far as possible with glass, followed each time by t 
application of lint soaked in Sabouraud's iodine (iodine 5, potassium iodi 
1, water 100), which should be kept in position by a loose rubber finger-sta 

Tinea Imbricata 

Synon3mi. Tokelau Ringworm. 

Geographical distribution. — The affection is principally met in tl 
Eastern Archipelago and in the islands of the South Pacific, where 
affects a large proportion of the population. It has lieen found to extt*i 
westwards as far as Burma, and northwards as far as Formosa and Fooclu 
on the coast of China. Cases have iHvn rep^)rted from Central Africa ui 
the interior of Brazil. Once introduc<»d, it spreads very rapidly in countri 
with a damp, equable climate and a temperatim* of H(V-90‘^ F. Very hif 
or very low temperatures and a dry atmosphere are inimical to its extensio 

^Etiology. — On detaching a scale and placing it under the micn>sco[T 
after moistening with liquor potasssc, a trichophyton-like fungus can 1 
seen in enormous profusion. The parasite evidently lies Ix^tween epidern; 
and rete, and by its abundance causes the former to peel up. As tl 
fungus does not die out in the skin travelled over, it burrows under tl 
young epithelium almost as soon as the latter is reproduced. Hence tl 
peculiar concentric scaling and the persistence of the disease tlirougho 
the area involved. When the scales are washed off by the vigorous u 
of soft soap and hot water, the surface of the skin is seen to coven 
with brownish parallel lines — evidently the slightly pigmented fungi 
proliferating and advancing under the young epidennis. 

The parasite, said to be of two varieties, EndodtrnuypkyUm amemiricum ai 
E. tiuftcam, can be cultured by immersing the scales in alcohol for five to t^ 
minutes and then placing them, one scale to each tube, in glucose broth. Aft 
five or ten days the scales, if uncontaminated, are transferred to solid medi 
and growth taJees place in three or four weeks. 

Sjrmptoms. — Tinea imbricata may at first be confined to one or tv 
spots on the surface of the body ; usually, in a short time it comes 
occupy a very large area. It does not generally affect the sok^ and palm 
although it may do so ; nor is the scalp a favourite site. Baker remark< 
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that it avoids the crutch and the axillae. With these exceptions it may, 
and commonly does, sweep over and keep its hold on almost the entire 
surface of the body, so that after a year or two a large part of the body is 
covered with the dry, tissue- paper-like scales, arranged in more or less 
confused systems of concentric parallel lines. This arrangement of the 
scales is absolutely characteristic of the disease (Plate XVIII). 

An inoculation experiment readily explains the production of the scales, 
their concentric parallel arrangement, and the mode of extension of the 
patches. About ten days after the successful inoculation of a healthy skin 
with tinea imbricata, the epidermis at the seat of inoculation is seen to be 
very slightly raised and to have a brownish tinge. Presently the centre 
of this brownish patch — perhaps a quarter of an inch in diameter — gives 
way, and a ring of scaling epidermis, attached at the periphery, but free, 
ragged, ami slightly elevated towards the centn^ of the spot, is formed. 
In a few days this ring of epidermis has extended so as to include a larger 
area. 

The scales, if not broken by rubbing, may attain considerable length 
and breadth ; but, of course, their dimensions are in some degree deter- 
mined by the amount of friction to which they are subjected. Usually, 
they are largest l)etwetui the shoulders — that is, where the patient has a 
difficulty in scratching himself. The lines of scales are from J to J in. apart. 

Diagnosis. — From ordinary rifigivorm, tinea imbricata is easily dis- 
tinguished by the absence of marked inflammation or congestion of the 
rings, by the abundance of the fungus, by the large siiib of the scales,by 
the concentric arrangement of the many rings or systems of rings, by the 
non-implication of the hair, and by the avoidance of crutch and axilla?. 
From irhihyosis it is di8tinguishe<l by the conwntric arrangement of the 
scaling, by the peripheral attachment of the scales, and by the presence of 
an abundance of fungus elements. 

Treatment. — The best treatment for tinea imbricata in natives is the 
fr(*(‘ application of linimentum iodi ; its action is said to be increased by 
the addition of salicylic acid, 15 gr. to the ounce*. Limited patches may 
b(‘ treated wdth chrysophanic acid ointment (20 gr. to the oun(*e), or by the 
•more modern preparation, cignolin. Clothes should be boiled or burned. 

Prophylaxis. — Daniels related that tinea imbricata is a comparatively 
rare disease in Tonga, and the natives attribute this to their custom of 
oiling the body with coco-nut oil. Since the Fijians adopted this practice 
the disease has l)ecorne somewhat less prevalent among them. Personal 
cleanlinm, and the immediate and active treatment of any scaling spot, 
should be carefully practised in the endemic countries. Amongst certain 
C(*ntral African tribes, it has never been observed in women, who oil their 
bodies, whereas the men, who do not adopt this custom, are subject to 
the disease. 

In Tahiti the use of chrysophanic acid is now general among the natives ; 
as a consequence, the disease is less prevalent there, than it was only a 
few years ago. 

43 
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VII. SPIROCILETAL SKIN DISEASE AND AFFECTIONS OF 

THE HAIRS 

PiNTA 

S3monym8. Caraate ; Mai del Pinto. 

Definition. — A spirochaptal disease characterized by peculiar pigmented 
patches on the skin. 

Geographical distribution. — Pinta occurs in certain districts in tropical 
America, especially along the river banks — in Mexico, Venezuela, Colombia, 
Bolivia, and in one or two places in Peru, Chile, Guatemala, Honduras, and 
Brazil. 

AEtlology. — For many years this peculiai: skin disease was regarded as 
due to parasitic fungi. Herrejon (1927) suggested that the pinta was pro- 
duced by a spirochete allied to that of syphilis and yaws. Annenteros 
and Triana in Cuba (1938) found this organism in the skin abrasions, and 
Blanco (1938) obtained it by lymph gland pimcture. To this spiroclneto 
the name of S, herrejoni was given. This discovery was confirmed by 
Blanco (1938) in Mexico, by Inate in Venezuela (1939) and by Leon in 
Ecuador, who found the organisms especially abundant in the early 
papules. Brumpt (1939) proposed the name Spirochceta (Treponema) 
caratenm, but the correct terminology should Ihj S. herrejoni, which has 
priority. 

This spirochaete, in measurement as well as in appearance (by dark- 
gnjund illumination), is closely allied to »9. pallida. When first isolated it 

is very active, but its motility decreascM? 
in aixmt twenty minutes. It is 12 to 18 
p in length, and easily stained by silv<*r 
impregnation and by Gieinsa stain. It is 
readily dissolved by saponin and dies in a 

Fig. 119. Spirocbcu herrejoni time in bile. (Fif?. 119). 

(camtciiiii). (A per Leon y Bianco.) Varela claimed that S. herrejoni has certain 

differences fri>m most other spirochflBtes. 
When stained by Oiemsa it has a flexible cylindrical form with pointed ends. 
The turns arc 0*6-1 g in width, 0*4~0*6 p deep and 9-10 in number. 

Animal inoculatunis. — The Venezuela Commission reported that inocu-. 
lations in guineapigs, rabbits and rats were without result, but B«enz 
(1940) in<xjulated the cornea and testes of rabbits with pinta tissues and 
stated that keratitis and epididymitis, resembling those of syphilis, were 
produced. 

Human Inoculationa. — Blanco (1940) demonstrated, by inoculation 
into volunteers that the disease is infeetipus and may be easily transmitted 
when a small amount of serum from a pinta lesion is injected. In syphilitic 
patients an initial papule developed, but the secondary eruption was 
atypical. Positive Wassermann reaetimis were obtained, but not before 
the appearance of the secondary enipticm. The primary lesion differs from 
that of syphilis or yaws in that if is alwap clo^ and does not ulcerate. 
Experim^tal inoculations showed that previous syphilis does not give 
absolute immunity to pinta. 
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Pathology. — The spirochaBtes are chiefly located in the Malpighian 
cells, especially in small areas of acanthosis in the epidermis. A greater 
involvement of the corium has been described in pinta than in yaws, but 
much less than in syphilis. SpirochaBtes may be demonstrated in lymph 
obtained from glands near the lesions. The hair follicles and portions of 
the sweat glands are surrounded by inflammatory cells. The pigmentary 
function is specially affected in pinta, and scanty pigment granules may 
be seen inside the cells of the stratum germinativum ; they are also present 
in other cells of the Malpighian layer and in the melanophores of the dermis. 

Symptoms. — The incubation period in experimental inoculations varies 
from 7-20 days, by which time an initial papule appears. This extends 
peripherally as a squamous, reddish patch, reaching a diameter of 1 cm. 
in a month, and then continues to spread peripherally. Secondary lesions 
appear in crops around the primary papule, spreading to other parls in 
ai)out five months. Progressive hyperpigmentation is then observed ; 
later still, depigmentation, which gives rise to various colours, or vitili- 
ginous spots, ranging over the body. The colour of the lesions in order of 
fre(juency appears to l)e blue, white, mixed, lead -coloured, violet, black, 
red or yellow. The spots vary in size and in shape : round, oval or 
irregular. They are not elevated, but are always strikingly visible (Plate 
XIX) 

In -natural infections the primary lesion is usually on an exposed part, 
jiarticularly the legs and feet and arms, extending to the hands and face. 
According to Blanco, the initial lesion is never seen on the palms, or on the 
trunk. Modem ob8er\^er8 divide the disease into three distinct stages, 
showing different cHnical, serological and immunological features. 

The primary stage occupies the period when the initial lesion is present 
and lasts from five months to one year. The secondary stage is charac- 
terized by skin lesions or papules which are rapidly converted intt) erythe- 
matous squamous lesions (named finiids) and ensues five months to one 
year from the time of infection. In the tertiary, or dyschromic, stage there 
are achromic or pigmentary spots, erythema, keratoderma and superficial 
atrophy. Super-infections may he produced by inoculations at this stage. 
HyiK^rkeratosis of palms and soles, as in yaws, are to be regarded as late 
manifestations. Eosinophilia and an increase of basophil cells occur in a 
high percentage of cases. 

The exact relationship of pinta to syphihs is further complicated by the 
fact that Sapnz in Cuba found aortitis, aneurysm and erilargenient of the 
diameter of the heart and valvular lesions in 28 -8 per cent . The association 
of this skin spimehaetosis with visceral syphilis is of course conceivable. 

Diagnosis. — The characteristic spirochaetes are present in the lesions, 
but obviously it is impossible to differentiate them in their morphology 
from jS. pallida or S. pertenuis, Pinta is often associated with syphilis 
and yaw^s lesions, such as juxta-articular nodules. S»nz found changes 
in the cerebro-spinal fluid in 10 per cent, (increased globulin content and 
colloidal gold curve). 

Depigmented, or vitiliginous areas are common in tertiary yaws and 
syphilitic lesions in the coloured races to which pinta is almost entirely 
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limited. It is obvious that many other skin diseases have in the past been 
confused with pinta. Apparently too many examinations have been made 
for the presence of fuiifji and micro-organisms without proper cleansing 
and disinfection of the skin. 

Differential diagnosis has to be made from leprosy, yaws, syphilis, 
erythrasma, pityriasis versicolor and other epiphytic skin disease's, and 
also from plain vitiligo or leucoderma. 

Treatment. — The modem treatment for pinta is mH)8alvarsan and 
bismuth preparations, as dt'scribed for yaws. The superficial skin lesions 
yield rapidly to salvarsan, but the atrophic vitiliginous spots remain un- 
affect tnl, as in yaws. Tlie Wassermann reacti(m in a proportion of cases 
remains positive after disappearance of the lesions. 

Taiciiosponosis 

Synonym. Piedra. 

This peculiar disease of the hair is very common in certain districts of 
Brazil, Colombia and British (Juiana. It was thought to be confined to the 
inhabitants of these countri»*s, where a considerable proportion (both male 
and female, and apparently of all races) are affected, but it has also b(‘en 
found in West Borneo l)y Kuypers. It has heen observed on the eyelashes, 
beard, and scalp. It is commoner in native women than in nu^n. 

The hairs are dotted over at irregidar intervals with numerous (1 to 10 
or more in a hair 60 cm. in length) minute, gritty nodosities, which feel 
like sand grains — hence “ piedra/' sandy. These, barely visibh* to the 
nakt^d eye, are distinctly ptTCeptihle tf) the touch when the hair is drawn 
between finger and thumb. The affected hairs are land and twisted, and 
tend to produce matting and knotting. The litth* nodosities are very firm, 
but not so hard as the name piedra (a stone) would indicate, IxMiig easily 
cut through with a sharp knife or scissors. They are paler than the hair 
which they surround, or partly surroimd, like a sheath. They are situated 
in the extrafollicular portion and vary from (»ne to ten or more. When 
a comb is drawn through the hair, a sort of crepitatiori is pr<Khict»d, 
doubtless by friction against the hard particles. 

In Brazil piedra is known as far as Bahia ; Horta publish(*d a mono- 
graph there which remains a model of precise ol>ser\ ation. 

iEtiolo^. — Under the microscopt? the excrescences are found to consist 
of a nunjber of spore-like bodies, Trichosporon gigantrum, easily inadi^ 
apparent by soaking the hair in liquor potassa? after washing in (dher. 
Langeron has suggested that the correct na)ne for this parasite should be 
Piedra hortai as he considers that it is probably an epiphyU? analogous to 
certain fungi which grow on the leaves in the forests of Central America. 
The spores are twins, the size of trichophyton spor(*s, and remarkably 
refringent, and are polyhedral from mutual pressure. Together they form 
a sort of tessellated mosaic, the elements of which se<?m to Ih^ held together 
by a greenish soluble cement in which a numl>er of minute bacteria-like 
rods are incorporated. The shaft of the hair— not eroded or affe(;U»d in any 
way — can be w^en intact through the encrusting fungus. T. giganteum is 
easily culiivat«?d on ordinary media. It liquefies gelatin in ten or twelve 



TRICHOMYCOSIS 


661 


days. The smallest spores measure 2-5/x, the largest up to 12/Lt. Piedra 
is supposed by some to be induced by the mucilaginous hair applications 
in vogue among the Colombians. 



Fig. l20.~Human hair (magnified) affected with Trkhosporon beigeli. 


Diagnosis. — Although Juhel-Kenuy has given to j)iedra the name 
“ triehomycose nodulaire/' the conditions must not be confounded with 
trichomycosis nodosa, which is a different affection and common enough 
on th(‘ axillary, scrotal and face hair in Europe and elsewhere. Xeitlier 
must it be confounded with trichorexis nodosa, a non-parasitic disease of 
the hair-shaft, which is split up at different points into brush-like bundles of 
fibres, and is thus (*asily fractured : n(>r witli nioniliforni hair, a congenital, 
h(‘reditary, and non-parasitic condition. 

Treatment.- Cleanlines.s, the free use of soap, and the application of 
some ej)iphyticide should sufiice for cure : }>ut should sucli means fail, 
doubtless shaving the scalp would he effectual. 

Tuiciiomycohis 

Synonyms. Trichonocdrdiasis ; Trichomycosis nodosa. 

Trichomycosis is a fungous disease of the hair, found in Central Africa 
and Asia, which in many ways resembles piedra. Tt may produce skin 
irritati(jn and stain the clotlies. The shafts of the hairs, more especially 
those in (he axilla, are attacked. The parasite is Triehosporon Imgeli 
(Ifabenhorst, 1867). This lias htnui thoroughly studied by l\ Vuillemin 
(1902). On the hairs it produc(*s irregular nodosities containing the fungus 
t‘h*ments, t ach 8/x to 5/i in length. In cultures, mycelial formation takes 
place, composed of arthrospores, giving ris(‘ to hlastospores, and in older 
cultun^s to ascosport's. The fungus is easily cultivated on Saboiiraud’s 
medium, or beer- wort. 

This fungus, which was first discovered in London by Beigel in 1862, has 
heim found occasionally in Kurojie, and is quite common in Japan. It may 
attack the beard, and moustache, which may become matted together so that 
they cannot he c^>mbed Out. The affected jvart emits a peculiar odour, as in 
the Editor's case from which the illustrations are taken. (Figs. 120, 121.) 
The hairs have a beaded or nodular appearance and the deposit may vary 
considerably in colour. The disease may spread to the skin and cause severe 
intertrigo. 
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Microscopically, the lesions consist of a mass of polygonal cells, yellowish- 
green to bro^Ti, with a definite cell- wall. The cells of a mycelial thread 

are separated from one another 
by thick black cell- walls, between 
which there is little intercellular 
substance. 

Treatment. — The affected 
hair should be bathed twice daily 
with a lotion consisting of 1 dr. 
of formalin to 6 oz. of rectified 
spirit, reinforced by 2 per (^ent. 
sulphur ointment. The affected 
suiTouiiding skin should be 
rubbed with mercurial ointment. 

VIII. SKIN disp:ases 
CAUSED BY ANIMALS 

The Cuiooer, or Sandflea 
This insect, formerly confined 
to the tropical parts of America 

Blasto^rthrcsporc* (gQO 3^0 g j 

West Indies, appeared on the 
West Coast of Africa for the 
Fig. 121. — FtiiiKiis ekments of T. beigeli, first time about the year 1872. 

Since that date it has spread all 
over the tropical parts of that continent, and even t^ some of the adjacent 
islands — Madagascar, for example. As a cause of suffering, invaliding, 
and indirectly of death from secondary infections, it is an insect of some 
importance. It is now extremely prevalent on the East Coast of Africa, 
and is causing a large amount of invaliding among the Indian coolies 
there by whom it has been introduced into India as far east as Karachi, 
but in no other part. 

The chigger {Tunga penetrans) is not unlike the common fiea either in appear- 
ance or, with one exception, in habit. It is somewhat smaller (1 mm.), the 
head being proportionately larger and the abdomen deeper than in the fioa. 
It is red or i^dish brown. Like the flea, its favourite 
haunt is dry, sandy soil, the dust and ashes in badly 
kept native huts, the stables of cattle, poultry pens, 
and the like. It greedily attacks all warm-bloixled 
animals, including birds and man. Until impreg- 
nated, the female, like the male, is free, feeding 
intermittently as opportunity offers. As soon as she 
becomes impregnate she burrows diagonally into 
the skin of the first warm-blooded animal she 
encounters where, being well nourished by the blood, 
she proceeds to ovulatkm. By the end of this 
jwooess her abdomen, in consequence of the growth 

of the eggs it contains, has attaint tlsa size of a small pea. (Figs. 122, 128.) As 
seen in Fig, 128, the chigger within the e{4dermis enters the stratum lucidum; 



Fig. (IL-Chlntrf 
Impreffitfed female* 

X 10. {Btanehard,} 
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which it invades and pushes before it. The epithelial layer becomes attenuated. 
The parasite becomes anchored in the oorium by means of chitinous excresences 
which stick out into the surrounding tissues. The first anterior and the two 
posterior segments do not participate in the enlargement, the latter acting as 
a plug to the little hole made by the flea on entering the skin. When the eggs 
are mature they are expelled by strands of muscular fibres which intersect the 
abdomen. They fall on the ground and, according to Hicks, the larva hatches 
on the third or fourth day ; the first moult occurs on the fifth to eighth day 
and preparation for pupation on the sixth to seventeenth days. The larva 
pupates at the same time, and the imago usually emerges about the seventeenth 
day. (See also Appendix p. 996). 



During her gestation the chigger causes a considerable amount of 
irritation. In consequence of this, pus may form around her distended 
abdomen, which now raises the inflamed integument into a pea-like 
elevation. After the eggs are laid (according to some, before this process) 
the 8uperjac(‘nt skin ulcerates, and the chigger is expelled, leaving a small 
sore w'hich may l>e infected by some pathogenic micro-organism, such as 
the bacterium of phagediena or of tetanus, with grave consequences 
(Fig. 124.) 

The chigger is not a good jumper and therefore she seldom attacks the 
skin obotHJ the dorsum of the foot. 

The soles (Fig. 125), the skin between the toes, ^ind that at the roots of 
the nails are favourite situations. Other parts of the body are by no means 
exempt ; the scrotum, the penis, the skin around the anus, the thighs, 
and even the hands and face, are often attacked. Usually only one or two 
chiggers are found at a time ; occasionally they are present in hundreds, 
the little pits left after their extraction, or expulsion, being sometimes so 
closely set that parts of the surface may look like a honeycomb. 

Ulceration is common, and may follow removal of the chigger or natural 
extrusion of the egg-sac. The ulcer cominenoes as a tiny pit and, as it 
extends, the sloping edge may develop into septic ulcer. It remains more 
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or less circular in outline, except under the nail or nail inarjrin, where the 
outline is more irregular and a pocket of pus forms underneath it. Chronic 
absorption of pus may lead to thrombophlebitis. . 

Treatment. — In chigger regions the houses, particularly the ground 
floors, must be frequently sw’ept and accumulations of dust and debris 
prevented. The housing of cattle, pigs, and poultry demands the same 
precautions. The floors should often be sprinkled with carbolic water, 
pyrethrum pow^der, or similar insecticide, and walking bare-footed must 
be avoided. A daily bath must be taken, and any chiggers that may have 
fastened themselves on the skin at once removed. They may be killed 
by pricking them with a needle, or by the application of chloroform, 
turpentine, mercurial ointment, or similar means, after which tliey are 
expelled by ulceration. The l>est treatment, however, is not to wait for 



Fig. 124.— Septic lesions of foot caused by chiggers. 

ulceration, but to enlarge? the orifice of entrance with a sharp, clean ncH'dle 
and neatly to enucleate the insect entire. Borne native women, frmn long 
practice, are experts at this little operation. Tlie part must 1 h? dreSH(»d 
antiseptically and protect<*d until healed. Europeans living in an endemic 
district should wear high iKJots. A daily insja^ction of the feet, especially 
under the nails, is advisable. Bh(»uJd any black dot lx? discovered, the 
chigger should at once be removed. 

Prophylaxis. — If avoidable, camps should not be formed in chigger- 
infested spots or in the neigh!x>urhood of native villages. The camping- 
ground should be swept or, if necessary, fired ; the floors of huts and tents 
may be sprayed with insecticides and naphthaline, and native tobacco 
dusted inside boots or shoes. Balfour recommended that the f(^et be rubbed 
thoroughly with a mixture consisting of 5 drops of lysol, or liq. cresoli sap., 
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ill 1 oz. of vaseline. Special attention should be paid to the interdigital 
clefts. Pigs should not he kept in the vicinity of dwelling-houses, as these 
animals are severely attacked by chiggers. 



Fig. 125.— Chiggers in sole of foot. (/>r. C, IP. Daniels.) 


Acaiune Dermatosis 

Several forms of mites inhabiting sugar, grain, or copra may live as 



ABC 
Fig. 126. — Pedicvloidfs ^rntrieo^us, x 80. {After Alcock,) 

A, Male ; a, adult fcuiala ; pre.^ratit feinalo with brood-sac. 
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temporary parasites on the skin of man, and set up an intense irritation 
not imlike that produced by scabies. One of the most familiar of these is 
“ grocer’s itch,” set up by mites of the genus Glycophagus, which are 
common in raw sugar and cause an erythematous rash. Among the copra 
workers in Ceylon and the Pacific islands a similar skin affection is due to 
Tyroglyphtis. “ Grain itch,” an urticarial and papular eruption of the 
exposed parts of*the body, is caused by Pedkuhides ventricosus (Fig. 126, 
A, n, c) in those who handle grain, cotton-seeds, or beans. These mites 
give rise to a severe pruritus. Preventive treatment consists in the applica- 
tion of 5 per cent, beta-riaphthol ointment, and dilute carbolic acid to 
kill the mites. 



Section Vffl.-LOCAL DISEASES 


CHAPTEB XL 

TROPICAL PYOMYOSITIS—RHINOSPORIDIOSIS— RHINO- 
SCLEROMA— AINHUM— BIG HEEL--ONYALAI— CHIUFA— 
TROPICAL ENSINOPHILIA 

I. Tropical Pyomyositis 

Synonyms. Myositis Punilenta Tropica; Tropical Myositis; “Bung- 
pagga” (Patton). 

History and geographical distribution.— In 1912 H. H. Scott described 
this disease in Jamaica. Deep intramuscular abscesses were associated with 
pyrexia, and a striking feature was the hard swellings set up by enormous collec- 
tions of serous fluid. A small bacillus was isolated, which was named B. aerofaciens. 

In the same year Kiilz found intramuscular abscesses very common in the 
Cameroons ; and in Duala, in 1907-1908, out of 386 natives, 18 were operated on 
for intramuscular abscesses, and out of 86 Europeans, 5 were thus treated. 
In natives absce^sses w^ere multiple ; in Europeans usually single, and they 
varied in size up to that of a hen's egg. He believed that they w ere secondary 
to Loa loa infection. 

In 1913, Wise and Minnett in British Guiana described what was obviously 
the same condition, and they failed to find remains of adult filarisB ( Wuchereria 
bancrofii) in the pus, though filaria embryos were discovered in seven. Re- 
currence of abscesses in the same patient was a feature of the disease. In most 
instances streptococci were isolate from the pus. 

Ziemann ( 1913) described an exactly similar form of intramuscular suppuration 
in New Guinea, and claimed that already, in 1904, he recognized the disease as 
one mii generis as distinct from suppuration w ith filariasia. In 1917, E. L, Walker 
re|K)rted upon oases from Brazil. CJorames in 1918 met it in French West Africa, 
where it had previously been noted by Bouffard. In 1922, Laigret and Lefirou, in 
French Equatorial Africa, remarked u})on the deep chocolate colour of the 
pus, almost rt'sembling liver-pus. Tanon and Jamot (1926) found it common 
in the Cameroons during the 1914-18 w^ar, when it was known as “ lambo lambo^ 
Summaries of our knowledge on this subject have been made by Appel (1921) 
from the German, and Connal (1930) from the British view-point, and Gibler 
(1922) gave further details of pyomyositis in Northern Australia and Papua, 
and James in the Solomon Islands. Van Steenis (1931) recognized the same 
disease in Java. P. A. Buxton (1928) published a very complete account of 
myositis as he observed it in Samoa, and was convinced on setiological grounds 
that myositis is distinct from the deep suppuration sometimes observed in 
filariasis. It is of considerable importance in Samoa, and was observed in 
Europeans, Samoans, half-castes, Chinese, and Melanesians. He found that 
pulmonary complications were not infrequent, abscesses were invariably intra- 
muscular, suppurative and non-suppurative lesions were common, while Staphy- 
lococeus aureus was the organism responsible. Grace and Grace (1931) investi- 
gated an outbreak, which amounted to an epidemic, in the island of St. Kitts. 
The outbreak affected more than 300 individuals, with a death-rate of 10 
per cent. Some oases resembled septioiemia. The Mitor has treated cases in 
Europeans, Chinese, Japanese, Indians, Negroes and Polynesians. 

667 
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Etiology. — The infection was regarded by Pa wan as secondary streptococcal 
and staphylococcal infection in filaria-infeoted subjects. Grace thought that the 
causal organism w^as a hjemolytic streptococcus derived from the throat. Von 
Borniaiin thought that the organism was a hseinolytic staphylococcus, usually 
S, aureus, less commonly S, albus, Erasmus in East Africa found the former 
most frequently. In the Editor’s experience these two organisms are responsible, 
though occasionally Streptococcus pyogenes is found. 

The site of entry is uncertain, but dissemination appears to take place by 
the bloodstream, for the lymphatics and lymph glands may show no sign of in- 
flammation. 

Associated infections . — Pyomyositis is more apt to occur in jjersons who are 
debilitated as the rt*8ult of some other longstanding infection. In the Editor’s 
experience this has been either ancylostomijisis, malaria, and, in a prof)ort.i(in, 
s^-philis. In his series of cases the Wasst^nnann rt*action was fjositive in TO pt»r 
cent. One of the chief aims of treatment should be the eradication of these 
concomitant infections, and, wherever nei'essary, antisv[)hilitic treatment 
with salvarsan and bismuth should be instituted. 

Symptoms. — Several types may be distinguishc‘<l. 

Acute nonsuppurative stage . — An indurated, tender, ill-definid mass can be 
felt in the affected muscles w here the patient complains t)f ]>ain. I’here is usually 
slight pyrexia, with infiammatoiy' reaction o%'er tlu* neighbouring tissues and 
pitting oedema. On incision the tissues art* oedemiitous, whilst the regional 
lymph glands are usually enlarged and temder. 

Acute suppurative .?togp.~The clinical featur(*H are those of a deep-»t‘ated 
abset^ss, and, on incision, large collections of [)us in tlie affecUd nmscles are 
evacuated. The abscess cavit 3 ' is loculated, raquiring a wide incision and the 
breaking dowm of septa forni^ of dense indurattd miisck*, or fibrous tissue. 
The numerous sloughs in the cavity art* characttTistic. Thew* alisct^sses occur 
in widely separated sites : in the thigh muscles, })ecU)raliH majtw, st'iratus magmis, 
latissimus dorsi, gastrocnemius, flexor mtistdes of arm and ilio^moas and internal 
oblique. Generalised septicaemia may result. 

Chronic idtsoesses have l)een rc*cordtd in the adductor magntis. 

Diagnosis. — The diagnosis f>yoinyositis should not pr(»s<*nt any great 
difficulty, but it lias to lie (lifTi reiitiateil from gummatoiiB suppuration, 
filarial ahsces.nt^, glanders, melioidosis, rheumatic noduh*H and swelling, 
ostmtis of femur, c(»}d abscesses of sacro-iliac joint, septic mastitis, peri- 
nephric abscess and fibrosarcoma. 

Treatment. — The course of events is well illustrated by the of a Kuro|)ean 
from British Guiana who was treated in 1931. 3'he illni^ lasted over one year 
and began as external l>oils, mf)8tly in the fix-t and arms. »Soon he suffeit'd from 
febrile attacks, associated with rheumatic-like stiifni-ss of the musck‘s. Small 
hard nodules were noted on the leg, thigh, js»ctoral and submaxillary regions. 
Stififness of the legs was caused by diffuse indurated swellings in the extc*nsor 
muscles, which were due to serous infiltration. l>uring the seven months he 
was under the Editor’s care no less than fifteen inflammatory swellings appeared 
in various parts of the body, associaUfd with stiffness, |>ain, and pyit^xia. The 
extensor muscles of the thigh were the seat of several large abscess<*s. The 
Wassermann rea<rtion was positive. There was a moderate leucocytosis of 1 5,(K)0- 
19,0CKk From time to time inflammatory periosteal nodules appeared which 
could be demonstrated by X-rays. Thert^ was synovitis of both kne€*-j<»mts. 
Eventually, a large abso^ appeared in the right fieetoralis major muscle, 
leading to partial necrosb of the eighth rib, which had U> be reseHed. The 
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organism responsible was Staphylococcus aureus. The patient eventually re- 
covered after eight surgical operations and prolonged antisyphilitic treatment 
with bismuth and neosalvarsan. Combined treatment with a vaccine of Staphy- 
lococcus pyogenes aureus was fairly successful. Earle thinks that surgical treat- 
ment is best, combined with intensive sulphonamide therapy, especially sulpha- 
pyridine and sulpha thiazole. 


II. RHINOSPORIDIOSIS 

Definition. — A disease due to a yeast-like organism, Rhinosporidium seeberi, 
which infects the mucous membrane of the nose, producing nasal polypi and 
tumours on the cheek, conjunctiva, lachrymal sac and uvula. 

History* — R> seeb^ri was first described in Argentina (1896), and considered 
to be a protozoon allied to Coccidium, Subsequently it was found in nasal 
jK)lypi by O’Kinealy in 1903, when the organism was described by Minchin and 
Fantham. Ashworth (1923) thought that the organism is probably a yeast, or 
phyeoinytM'te. 

This parasite has now been recx>rded from India, C^*ylon, Argentina, Uganda 
(Mowat and Hennesey, 1941), and the United States. 

i£tiology. — HhinosjMiridium seeberi (Wernicke, 1903) is a spherical or oval 
non-motile organism which occurs in poly[K)id growths, usually lying between 
the connective-tissue cells. The earliest stages are about 6 jx in diameter, with 
a chitinous envelope, vacuolated cytoplasm, and vesicular nucleus containing 
a karyosome (Fig. 127, a, b). When fully-grown, the cyst, or sporangium, 
may measure 0*25-3 mm. in diameter, but when half-grown the nucleus com- 
inenc(‘s to divide by binary fission, until thousands are produced, of which the 
majority bt'come daught<*r-8}K)res, though a considerable proportion remain 
unehangc*d. The fully-formed sfiorangium (Fig. 127, c) finally bursts and 
discharges the spores, whi(’h are enclosed in chitinous envelojH*8 ; they then 



A X 40C) B X 4(M) c X 18(» 


Fit. 127 — Hhinosporidium seeberi. {After Ashworth; by permission of 
Hoy. Soc. of Edin.) 

A, Tropbk tft&ften. n, SiMHlon of u *U 4 r«! with 64 nuclei, 24 of which lio in Uiis section. C, Sj^ran^um 
from wWoh grH»rw» lire beint? (iiiK‘h»nfed,ftax>mpi4iiiod by muooni wilwUiice, tlimiufh a wide orinoe. 
’llw) Onit aiMire* to i«nie (t ht»e near the openinvf^ ore followed by the central ai»ore«. The pwiphe^ 
oporeo Ue in o folrty firm mucoid nmtrix. Stretchinif of the envelope, due to growth of 
nnoranKium, has not only reduced Ite thkkneaa, but has almost caused the diaapiMsarant'e of the 
tnlckened aiinulua round ils> t»ore. 
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spread into the connective tissues via the lymph channels, and on reaching 
suitable spots the trophic stage at once begins and the cycle is repeated. 

Attempts at cultivation proved partially successful in Ashworth's hands, and 
multiplication of the spores took place, but slowly, on Sabouraud's medium. 

The mode of transmission of this parasite is undetermined, but the 
occurrence of a closely related organism, /?, equi» in the nasal cavities of the 
horse is suggestive. 

Treatment consists in removing the polypi from the nares by a wire 
snare. Medical treatment does not appear to be indicated, although 
Wright reported that the tumours disappear after intravenous injections 
of tartar emetic. Allen (1936) used neostibosan though it is not always 



Fig. 126.— -RbfnMclerofna of two ytm* duration in an Egyptian woman. 

(/>r. //. K. Oijfen.) 

effective. A popular native remedy is a snuff composed of tobacco leaves 
and lime. 

III. Rhinohclkroma 

Ehinoscleroma (Scleroma rcspiratorimt) (Fig. 128} is a well-marked 
disease in all its aspects, patholi>gical or bacteriologiciil. It has a world- 
wide distribution, but at the present day is much commoner in the Tropics 
than elsewhere- It takes the form of spontaneous, painless, and exex^edingly 
chronic inflammatory growths f>cciirTing at any place in the respiratory 
passages from the ncmtrils to the hiJiira of the lung. Gross deformity of the 
nose, or narrowing or distortion of the r^piratory passages results. Some- 
times there is perforation of the nasal septum with total destruction 
of the uvula. The process extcmds along the respiratory passages with 
little change in the surrounding tissues ; on' the whole, it tends to form 
metasiases wth enlargement of the neighbouring lymphatic glands, but, 
in spite of this, the general health and condition remain unaffected. 
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Geographical distribution. — Rhinoscleroma is spread over widely 
distributed regions in special nests, or foci, but occurs all over the world. 
The most extensive region is in Eastern Europe, in Hungary, Poland, the 
Ukraine and the northern shores of the Black Sea and Caspian. Other foci 
have been noted at Tomsk in Siberia, in Turkestan, Bengal, Java, Sumatra, 
central and southern France, Morocco, Egypt, North America (in New 
England states), Cuba, Mexico, Panama, Colombia, Brazil, Peru, and Chile. 

^Etiology. —The cause of rhinoscleroma is undoubtedly the Bacterium 
(Klebsiella) rhinoscleromatis described by V. Frisch in 1882. It is closely 
related to Bart, jmeumonice, and is usually Gram-negative. It is easily 
cultivated, and forms knob-like colonies on gelatin or agar, greyish on the 



Fig, 129. — Rhinofcieroma : Photomicrograph of tissue, showing Mikulicz cells 
and general histological picture. (Dr. H, K, Qiffen,) 

whole, and less conspicuoiis than B. pneumonice. It usually coagulates 
milk, and forms acid freely with lactose. In sections, it is found in hard 
fibrotic swellings in the nose, scattered throughout the mucosa and sub- 
mucosa. It has so far been foimd impossible to reproduce the lesions by 
inoculation, either in man or animals. In fact, it exhibits a very low 
order of pathogenicity for laboratory animals, with the exception of mice. 

It has to be differentiated from other encapsulated pneumococcus- like 
organisms in the nose. 

Pathology. — Rhinoscleroma is characterized by a peculiar form of 
plagma«oeII mfiltration of great density, and by gaps or “ fat-cells,” which 
are found to consist of swollen c^lls with foamy cytoplasm {” foam-cells ” 
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or “ Mikulicz cells (Fig. 129). Very frequently, also, there are hyaline- 
drops or Gram-positive “ KusselFs bodies,’* which occur in all kinds of 
degenerative tissues, and are probably derived from the plasma cells. The 
rhinoscleroma nodule is known as plasmoma (Unna) ; it never breaks down, 
but becomes progressively sclerosed. 

Treatment. — The treatment is mainly by plastic operation to remove 
the unsightly outgrowths. 

Various other methods, the most important of which is X-ray therapy, 
have been tried. Intravenous injection of tartar emetic, as in bilharziaais 
or ulcerating granuloma, has lana) advocated by some. It is a curious 
fact that complicating febrile disra.ses, such as erysiptdas, typhoid or 
typhus fever, may caus(‘ Inhaling of rhinoseleromatous growths. This 
has led to a trial of inoculated malaria or t)rotein-shock therapy, with en- 
couraging results. 



Fiz* — Ainbum. 



F(g. Ul.— Aifihutti at its height. 

(Dr. A. B, Filho.) 


IV. An«iiuM 

Thifl is a very fjeculiar diiica^ affecting the toes, f>articularly the little toes, 
of negr^, Ea«t Indians and other dark-skinned ra^-eu, laHh in the Old and the 
New World. The name, derived from the Kago dialect, means “ to saw or 
cut.” 


Symptoms. — The disease comraen<*es as a narrow groove in the skin, almost 
invariably on the inner and plantar side of the root of the little toe. It may 
occur in one foot only, or in both feet simultaneously, or it may affect one foot 
after the other. The groove, once started, deepens and extends gradually 
round the whole circumference of the toe. As it deepens — perhaps though 
not necessarily, with ulceration— the distal portion of the toe is apt to swell 
to a considerable size, as if constricted by a ligature (Figs. 130, 131). There 
is little or no although there may be inconvenience from the liability to 
injury to whiA the dangling and now everted toe is exposed. In the course 
of years the groove slowly deepens, and finally the too drops off, or is amputated. 
The groove may or may not correspond with a joint. In rare instances, after 
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the two distal phalanges have dropped off, or been amputated, the disease recurs 
in the stump, and the proximal phalanx in its turn is thrown off. Of the other 
toes, the fourth is the one which is most frequently affected ; very rarely is 
the third, second or great toe attacked. In the Army Medical Museum at 
Washington, U.S.A., there is a wax model representing a case of this or a similar 
affection, in which all the toes had been thrown off and the disease was making 
progress in the leg. 

Occasional}', the terminal phalanx of the fifth digit of the hand has been 
affected. 

Ainhum is very rare in women or children, being most common in adult males. 
It runs its course in from one to ten or even more years. 

On section, it is found as a rule, though not invariably, that the panniculus 
adi|>osu8 of the affecUni toe is much hypertrophied, that the bone is infiltrated 
with fatty mattt*r, and that the other tissues are correspondingly degenerated. 
Sometimes the bone is thinned, or even altogether absorbed. At the seat of 
constriction a line of hypertrophy of the epithelial layers, and of atrophy of 
the fiapillary layer of the skin, together with a band of fibrous tissue, more 
or less intimaU‘Iy connected with the derma, surrounds, in whole or in part, 
the narrow pedicle. 

Treatnlent. — It has been suggested that division of the constricting fibrous 
l>and would delay the evolution of the disease. In the early stage this might 
be tried. When troublesome, the affected trie should be amputated. It is 
said that the application of salicylic ointment delays the process in the earlier 
stages (Mon‘ira). 

V. Big Heel, or Endemic Hypertrophy or the Os Calcis 

Maclean descril>ed a peculiar form of enlargement of the os calcis w hich he 
observed at Kaziankor, (iold (’oast, among Fantis and Kroos. The disease 
begins somewhat suddenly, lH*ing precedcni by fever, and attended by pain 
and Umdemess which reach their maximum in about a month, gradually 
diminishing during the succeeding one or tw'o months. Concurrently with 
the jmin there is a swelling of the external surface of the os calcis, rarely of the 
other tarsal bones. 

Maxwell reported a similar condition in natives of Formosa. As in Maclean’s 
cases, the }>atients wert* young adults from twenty to twenty -five years of age. 

VI. Onyalai (E.hsential Thrombocytopenia) 

Under this title Massey and, later, Wellman (1904) originally described a 
ix?culiar disease wcurring among the natives of Portuguese West Africa. Since 
then it has be<»n recognized in East Africa, Tanganyika, on the Congo, and in 
Northern Rhodesia, where it is known as “ Chilopa,” “ Kafindo,” or Akembe,” 
(bleeding disease — Wallace). It is not usually seen outside Africa, though Preston 
Maxwtdl in 1901 described a somewhat similar condition in the Fokien region 
of South China. It is charac',terized by formation of a number of vesicles, dis- 
teuided with blood, from J to J in. in diameter, on the hard palate and on the 
inside of the cheeks. Some of them are umbilicated. They differ fix>m 
ordinary blood blisters by the presence of numerous trabeculfie and by the semi- 
cHmgulation of the contents which makes the vesicle difficult to empty. Occasion- 
ally it is accompanied by fever and, although Massey’s original cases, with one 
exception, recovered within a w^eek or ten days, natives regard the disease with 
dread, owing to its reputation for deadliness. 

The majority of victims are young adults. The onset is sudden and the early 
symptoms are lassitude^ general dullness, and suffusion of the oonjunctivsB, 
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with pjrrexia, sometimes of 103-104° F. There is tenderness over the parotids 
and vague pains. These are soon succeeded by widespread hieniorrhages into 
the skin and mucous membranes. In natives the cutaneous haemorrhages are 
most easily seen in the axilla. Stein and Miller remark the constant association 
of cutaneous purpura^ which is easily mi^ed on black skins. Bullse are seen on 
the lips, buccal mucosa, tongue, and palate, the last-named in particular. Epi- 
staxis occurs in practically every case and subconjunctival haemorrhages are in 
evidence^ Bleeding occurs from the bowels as well as from the bladder. At 
autopsy haemorrhagic vesicles are found in the serous membrames, the pleura, 
peritoneum and diaphragm. A common finding is haemorrhagic broncho- 
pneumonia. Usually there are large retroperitoneal perirenal haemorrhages. 
Blackie found involvement of the central nervous system in one of his ceases . 
The bleeding time of the blood is increased, and there is a reduction in blood 
platelets. Normoblasts may be present. The blood sedimentation rate is slightly 
increased. Blackie thought that onyalai is an acute form of essential throm- 
bocytopenia due to defective nutrition. Stein and Miller (1943), who carried out 
a fine piece of work, found that onyalai is not confined, as had been thought, 
to native races. It is quite common in the Transvaal and Northern Bechuanaland. 
In Africa it extends from the equator to 26° south latitude, Johannesburg being 
the most southerly point. They studied 21 cases which could be class^ed as 
mild, severe or acute. The youngest patient was a native female aged 7 months. 
Hsemorrhagic bulls are peculiar to onyalai, and not found in other forms of 
thrombocytopenic purpura, suggesting some toxic factor. The course of the 
disease is aggravate by the menses in women, and response to treatment is 
similar to the acute incipient episodes of idiopathic thromboc 3 rtopenic purpura. 

The diagnosis has to be made from snake-bite, in which hemorrhagic symptoms 
may supervene. 

Blaclde found that the most effective treatment was by blood transfusions 
and by injection of 18 c.c. of donor's blood intramuscularly into the buttocks 
or outer aspects of the thighs, but Stein and Miller found the intravenous route 
better. T^y suggest that splenectomy is indicated in patients who relapse 
after this treatment. 

Vn. Chiffa (“Chikkumbi ” and “Kakynmba”) 

This is a disease resembling acute gangrenous rectitis described in the earlier 
editions of this manual, which has b^n reported from South America. Gilkes 
described cases he had under his care in Northern Rhodesia. It is found iti 
the Luangwa and Lusenfwa valleys at an altitude of 2,000-2,500 feet. Its 
onset is sodden and it runs an acute course. The primary manifestation is 
stated to be a white powdery condition which appears round the anus and gives 
the appearance of ** boracic acid or flour ; in women it covers the vulva as 
well. After a few days this disappears and the patient becomes acutely ill 
with pains in back and neck and a temperature of 104° F. The anus becomes 
relax^ and the rectum can be seen protruding, red and angry. Throbbing in 
the rectum is noted, and constipation is the rule. The inflammation travels 
up the laige intestine until the colon is involved, when there may be diarrhoea 
and vomiting. In women the vagina aImo may affected. 

VlII. Tbofical EosnfOFHiUA 

A new entity was described by Frimodt-MdUer (1940) and Wi^ngaiten (1043) 
in India. This is characterized mainly by spasmodic bronchitis, len^ytosli and 
high eosinophiiia. Itaffectsmostly peqplewholiveby thesea,andhasappaiwiitly 
no r^tionship to any other disease but is thought to be a form of allergy* Tbs 
physical signs are those of hronohial asthma. During the fehrile periods the 



TROPICAL EOSINOPHILIA 


675 


spleen is moderately enlarged. The most striking feature is massive eosinophilia, 
which accounts for the considerable leucoc 3 rtosis. It may reach 90 per cent, 
and is higher than in any other disease, except eosinophilic leukaemia. The 
X-ray shows disseminated mottlings in the lung, the average single focus being 
the size of a split pea, somewhat similar to silicosis. The disease is benign and 
lasts for years, but reacts to intravenous injections of neoarsphenamine in coui*8es 
of six doses of 1*15 to 0*45 grm. 

This description closely resembles that of Loffler'a syndrome, which is like 
pulmonary tuberculosis (Freund and Samuelson, 1940). The cause is unknown. 
Engel in China (1936) and Koino in Japan ascribe it to allergy from privet 
blossoms, but this has not been observed elsewhere. In some respects it resembles 
pulmonary coccidioidomycosis (see p. 609). 

The discovery by Carter and his colleagues (1944) of mites (Tyroglyphus and 
Carpoglyphus) in the sputum of these patients is interesting, but awaits confirma- 
tion. It is possible that the syndrome may be evoked by sensitization to intestinal 
parasites, such as Asmris or Ancylostxma (see p. 765). 



Section IX.-ANIMAL PARASITES AND 
ASSOCIATED DISEASES 


CHAPTER XLI 

PARASITES OF THE CIRCULATORY SYSTEM : BILHARZIASIS 
(SCHISTOSOMIASIS) 

Definition. — A group of diseases caused by certain digenetic treinatodes 
of the family Bilharziada* which inhabit the venous system of man in 
various tropical and subtropical countries. 

1. Gknito-urinauy Bilhauziasib {Bilharzia hcernatobui) or Schubsomidsis 

Synonyms. Schistosomiasis ; Bilharziasis : Bilhar/ia Disease ; En- 
demic H®maturia. 

Definition. — A chronic endemic disease produced by infection of the 
pelvic veins, particularly those of the bladder, and occasionally those of the 
rectum, by Bilharzia hmmaiohia, the eggs of which, being deposited in the 
mucous inembrtine, give rise to h®maturia, cystitis or other symptoms 
connected with the urinary organs, and occasionally, when deposited in the 
rectum, to muco-sanguineous discharges from tlie bowel. Th “ eggs of the 
parasite are discharged in the urine and, in certain cases, in the fte(*es. 

History. — Haematuria has been known to exist in Egypt since the carli«'>8t 
times, and the eggs of this parasite have been found in mummies by Ruffer. 
Biibarz, in 1851, originally discovered the parasit<\ which was named Bilharzia 
by Cobbold in honour of its discoverer, but until quite recently it was considered 
t^t the generic term Schistosoma of Weinland had scientific priority. 

Geographical distribution .—The eggs of this parasite were identified 
by Harley in X^tal in 1864, and since then the disease has Ixnm foun<l in 
other parts of Africa, more particularly along the eastern side of the con- 
tinent, a .1 far south as Port Elizabeth, and it is common throughout the 
Union of South Africa, especially in Natal. In Central Africa it tx curs in the 
Northern Sudan, Uganda, the Congo, Rhod<*sia and in North Abyssinia ; 
it is met with in West Africa as well, <tspecuilly in Lil)eria and Sierra LiMme. 
In North Africa it is especially common in Morocco, Algeria, Tunis and 
Egypt. It also occurs in Arabia, parts of Palestine near Jaffa, Persia, Iraq, 
Cyprus, in the town of Tavira in Portugal, in Mauritius, lUmnion, and 
Madagascar. A few indigenous eases were reported, over forty years ago, 
from Western Australia. (Map V). 

Precise information about the ravages of bilharziasis in Egypt are forth- 
coming. Scott, as the result of 40,0tK) examinations, found that in the northern 
and easteifi edge of the Delta, reaching as far as Cairo, (K) per cent, of th© 
inhabitants are infected with B. hammiobia, and an equal numlier with R. 
tmnaoni ; in the apical southern half of the Delta, however, though still 60 
per cent, are infect^ with B, hcmuUobia, only one-tenth of that number have 

fnansani. The line between the first and second areas is sharp and defined, 
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Bilharzial disease of the bladder before treatment, and one month after treatmeni 
with sodium antimony tartrate. The yellow nodules In Fiji. I are the deail ovu 
working their way through into the bladder cavity. Fhey d<» not indicate active 

bilharzial disease. 

ili\ permusHm nj Hnt. journ Suf^/ty mi'i hi. ]. li I 
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and does not correspond to any noticeable topographic, hydrographic or demo- 
graphic variation. Moreover, there appears to be no difference in the number 
of planorbis snails, the intermediary hosts of B, mansonif in these two regions. 
In the northern two-thirds of that part of the Nile Valley between Cairo and 
Assiut, B. hcpmatobia infects 50 per cent, of the population, but B. manaoni and 
planorbis snail are absent. In the southern third, where old basin irrigation — 
that is irrigation at flood Nile — stakes the place of the new perennial irrigation, 
B. hcematci>ia alone is present, but infects only 6 per cent, of the population. 
Heavy infection with B, hamtalobia is associate with perennial irrigation from 
high-level canals, which takes the plac^ of flood irrigation, with alternate 
flushing and drying. In the district where 5 per cent, of the inhabitants are 
infecUHl with B, hmnatobia, 1 in 1000 die from this infection : in the Northern 
Deltii district, this proportion rist^s to 1 in 22 (Fig. 248B). 

i£tiology. Parasite, — BUharzia hiPmaiabia is a unisexual trematode. The 
male measures 1 ~1 -6 cm. in length by 1 mm. in breadth ; its cylindrical appearance 
is due to the infolding of the two sides of the body to form a gynaecophoric 
canal. The female^ darker, but longer, 2-2*5 cm. in length, is partially enclosed 
in the gynajcophoric cranal of the male. The parasites live in the blood of the 
|)ortaI vein and its mesenteric branches, but numbers dwell also in the pubic, 
vesical, and uU^rine plexuses. The longevity of this {mrasite is phenomenal, as 
it may remain active and produce viable eggs for more than thirty years. 

The eggs are oval, and are provided at one end with a definite spine. Thej^ 
measure O-lfi mm. by 0-06 mm. Normally they are voided in the urine. 
ex(*eptionally in the fasces. It has been ix>int^ out bv Khalil that the hatching 
of the egg in water is due to osmotic pressure ; a 0*75 per cent, salt solution 
completely inhibits this process. 

Life-history , — On coming into contact with water, the eggs hatch and give 
rise to an active, ciliated embryo or miracidium, which, as a nile, enters a fresh- 
water snail, usually of the genus Bulinus ; in the liver or hermaphrodite gland 
of this mollusc it develops into sporocysts, eventually into active, bifid-tailed 
(*ercaria* which, on escaping from the snail, re-enter man by burrowing through 
his skin. Some oercarice pass through the lung capillaries to the heart and are 
distributed all over the laxly, including the skin. Many are held up and die. 
giving rise to a sttcondary cutaneous reaction with wheals and blotches due to 
lm*aking down of cercarias. Those which get to the mesenteric capillaries of the 
bowel wall reach the portal system where they gn>w until almost sexually mature 
and become paired. They then return against the stream to the mesenteric 
veins to lay eggs. (For further details regarding the life-history of this parasite, 
see p. 890.) 

Pathology. -The changes brought about by the bilharzia vary very much 
according to the degree and duration of the infection (Plate XX). In almost 
every case the walls of the urinary bladder are early affected. All that may be 
apparent to the naked eye at this stage is a certain amouht of injection of the 
small vessels of the mucosa vesioa, and certain exceedingly minute vesicular or 
[lapular elevations of the surface of this membrane. When these minute elevations 
are examined microscopically they are found to contain eggs even in minute 
blood-vessels. Later, especially in the trigone of the bladder, there are rounded 
patches of inflammatory thickening which project somewhat, are granular 
on the surface, and dense ; on section they creak under the knife as if they 
contained gritty particles. It is evident that these elevated, thickened patches 
are the result of an inflammatory process provoked by the clusters of eggs which 
the microscope reveals scattei^ throughout their entire extent. The eggs 
are principally deposited in the submucosa, less extensively in the mucous 
membrane, still leas abundantly in the muscular walls of the organ or in its 
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subserotts connective tissue. They tend to occur in groups, each of which is 
invested with a connective-tissue capsule ; or they may be lying in small blood- 
vessels which they occlude. Some eggs are seen to have undergone calcification ; 
others are still fresh, either segmenting, or already containing a miracidium. 
On the surface of the rounded patches already mentioned, phosphatic deposits, 
also containing eggs, are npt uncommon ; from their yellow glistening appearance 
they are known as '' sandy patches **, and sometimes they present minute sloughs. 
(Fig. 133.) Besides these indurated patches, various forms of polypoid excres- 
cence — sometimes ulcerated — may protrude from the mucous surface into 
the cavity of the bladder. These various hyperplasias fi^uently contain the 
adult parasite as well as eggs. Ferguson and others described a nodular form 
of bilharziasis, am affection of the subperitoneal surface of the bladder, which 
closely resembles tuberculosis. 

In addition to what may be designated the specific changes in the mucosa, 
the muscular coats of the bladder are generally hypertrophied. In consequence 



Fig. 112. — Sectlofi of bladder-wan, sboainf eggs of BUhania hmmakihia In fisMics. 

of this, as well as of the ingrowth of villosities and different forms of new growth, 
the capacity of the organ may be much diminished. Its mucous surface is 
genendly coated with a sanguineous mucus containing myriads of eggs. Gravel 
or small stones — generaDy phosphatic— are sometimes found either embedded 
in lacmw in the hjrpertroj^ed and roughened bladdest-wall, or fne in the cavity* 
Not infrequetitly a similiur h3rperp]aaia occurs in the ureters, and particulariy 
towards tl^ lower ends, even at an early stage. In laie instances the pelvis of 
kidn^ is affected. Obliteration of the ureter, both from small stones and from 
thiokmiiiigof the mucous membrane, not infrequently resulta ; this leads to dilata- 
tion of pelvis and atrophy of the parenchyma of the kidney. It is easy to 
understand how, in time, time changes in the bladder and ureters may give rise to 
hydronephrosis, py^tk, abscess of the kidney, and similar secondary affections. 
HyperfdMia of the proatate doe to infiltration wiUi eggs Is someUmes found. 
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Hyperplasia from bilharzial infestation may also occur in the vesicuhe seminales, 
penis, walls of the vagina, and cervix of the uterus, leading to corresponding 
bloody, egg'Oontaining discharges. 

Bil^rzia eggs in small numbers have been found in the liver, in gallstones, 
in the heart, and in the kidneys, and occasionally in the brain, spinal cord, and 
lungs. Tumours of bilharzial origin have sometimes been met in connexion 
with the peritoneum and ligaments of the uterus. The egg-production of B, 
hasnuUcbia is slower than that of B, manmni. They get to the lowest branches 
of the mesenteric veins, some even to the rectum, when eggs may appear in the 
fffices, but most migrate through the heemorrhoidal vein to the venous plexus 
of the bladder. When the eggs are deposited eosinophil oeUs are attract^ and 
may produce micro-abscesses, forming peeudotubercles on the peritoneal surface 
of the bowel with resulting connective tissue. If they occur on mucous surfaces 
they take the form of small erosions or ulcers. Giant cells form and may 
completely absorb the egg. 

The eggs can be conveniently demonstrated in the tissues by digesting selected 
portions in 3 per cent, potash solution. 

Symptoms. — The symptoms produced by B. hcemcUohia vary in degree 
within very wide limits. In the vast majority of cases the patient 
experiences no trouble whatever ; in other m8^nce8 suffering is very 
great. Indirectly, from the serious lesions of the urinary organs to which it 
may give rise, this bilharzia is an occasional cause of death. 

PiUrly toxic symptoms, such as pyrexia with urticaria, have been noted, 
and may come on four weeks after exposure to infection. The incubation 
period of definite disease, on the other hand, varies from three months up 
to two and a half years. The cercaria^, on penetrating the skin, produce an 
irritative dennatitis m in other forms of bilharziasis. {Sec p. 693). 

The most characteristic symptom of the presence of the parasite in the 
wall of the bladder is the passage of blood at the end of micturition, with or 
without a sense of urinary irritation. The quantity of blood passed and the 
degree of irritation are increased by exercise, by dietetic indiscretions, and 
by all such causes as are calculated to induce or aggravate cystitis. As a 
rule, it is only the last few drops of urine that contain blood ; sometimes, 
however, the hiemorrhage is more extensive, and then the entire bulk of 
the urine may be blood- tinged. Occasionally, clots are passed. 

If, in a case of moderate infection, the urine be passed into a glass and 
held up to the light, minute flocculi or coiled-up inucx)id-looking threads 
will be seen floating about in the fluid. If it be allowed to stand, the 
flocculi, and perhaps minute blood-clots, will subside to the bottom of the 
vessel ; these, on being taken up with a pipette and placed under the 
microscope, will be found to contain, besides blood-corpuscles and catarrhal 
products, large numbers of the characteristic terminal-spined eggs. 

In doubtful cases, where eggs are few, the best way to find them is to get 
the patient to empty the bladder and to catch in a watch-glass the last few 
drops of urine which can be forced out by straining ; these invariably 
contain eggs. A low power of the microscope suffices, and is best for 
diagnosis. Davies in South Bhodesia has remarked upon the peculiarities 
of the bilharzial facies,*’ which becomes triangular in outline, with sunken 
cheeks and prominent malar bones. He considers that this appearance 
forms a good indication of the dkease. 
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Pain is by no means always predominan tr ; when it occurs it is generally 
a dull sense of oppression in the suprapubic region, deep-seated perineal 
pain, or scalding on micturition. Frequency of micturition is an early, and 
urgency a very common symptom. Kectal symptoms, with passage of 
blood and mucus, may co-exist with the urinary symptoms, and digital 
examination may detect ulceration above the prostatic lobes. This 
localized lesion may he due to B. Jicentatobia alone, though mixed infections 
of B. hceinaiobia and B. man3oni are very common, especially in the Nile 
Valley. Sometimes adult worms in a>puJa are passed in the urine ; this 
generally occurs after a copious haemorrhage from a niptured vessel. 

Plndemic haematuria lasts for months or years. Spontaneous recovery is 
rarely complete. In ordinary cases, provided no re-infection takes place, 
the hauiiaturia tends to decreases although eggs may continue for years to 
be found in the last few drops of urine passt^d. In severe cases, sooner or 
later, signs of cystitis supervene and give rise to a gn»at deal of suffering. 
Not infrequently the eggs In^come the nuclei for stone, and symptoms of 
urinary calculus are superadded. (Fig. 183). Sometimes the pathological 
changes induced by the parasite in the bla(ldt*r lead 
to new growth, in which event the symptoms become 
more urgent and the haBinaturia excf»ssive. Hyp<»r- 
trophy, contraction, and even dilatatkui of the 
bladder are not unusual. Besides the bladder 
symptoms there may be signs of prostatic disease, 
or of disease of the vesicul® seminales, causing 
sperinatorrlKea. In the latter cas^?, eggs may be 
detected in the semen. In other instanrt*s the 
ureters and kidneys become involved, rf*sulting in 
ureteric dilatation and hydronephrosis. SiK'ondary 
infection of the urinary tract with septic cystitis 
commonly supervenes. PVoin the suffering atttmd- 
ing th(*se aggravated forms of infwtion, the patients 
become anaemic, wasted, debilitated, and a ready pn*y to intercurrent 
disease. 

MilUin pointed out the extreme frequency of urinary fistula in P^gypt, the 
result of bilharzial disease of the urethra. These fistiihe may occur any- 
w^here in the neigh Ixiurhood of the genitals, bat are esf)ecially common in 
the perineum and posterior surface of the scrotum, and originate from in- 
filtration by eggs of the pubic tissue or roof of the uretlira just in front of the 
bulb, the ^]{gs of the parasite being deposited in the muc<nis or submucous 
tissue. Stricture of the uret hra is by no means uncommcm, tmpecially when 
fistula? are connected with the dmr of the urethra. In the male, infiltration 
of the penile sheath may result in an elepbantoid condition with chordfe 
and actual obstruction to the urinary flow. (F’ig. 184). 

Makar showed that bilharziasis of the cord and epididymis is by no 
means uncommon, and is determined by the anatomi<*ai peculiarities of 
the anastomoses between the mesenteric and internal spennatiij veins, and, 
it may be, between the pelvic venous plexuses and deferential veins. The 
tunica and testes are rarely affected. The is very gradual, and it 
occurs in young adults, whose attention is drawn to the swelling. The 
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containing ^gs of 
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cord may bo nodular and covered with lentil-like bodies, or it may be 
enveloped in a single big mass ; the term ** bilharzial rosary " well describes 
the condition. Cytoscopy, sigmoidoscopy, X-rays and complement- 
fixation tests may be needed for diagnosis, or to differentiate the lesions 
from somewhat similar swellings due to filariasis, tuberculosis and 
syphilis. In massive infiltration, the testes may have to be removed ; 
in the early stages medical treatment is effective. 

The majority of infections of bilharzial disease of the spermatic cord are 
due to B. hcermtobia. The following figures are given by Makar : infection 
with B. hwmntobia, 38 per cent. : with B. nmnsoni, 27 per cent. ; mixed 
infection with B. imnsoni and B. hcematobia, 35 per cent. 



Fig. 134.— Urinary bilharziasis : 
pscudo-elephantiaais of penis, 
due to infiltration by ova. 

{A/tf^r Madden.) 



Makar has reported one case 
of primary bilharzial disease of I 

the gall-idadder, giving rise to 

duodenal The interior of US.-Bllh«ril.ris of the 

this Mscus was studded with Congo with splenomegaly, 

sandy patches like those siHin in {Dr. C. C. ChesUnnan.) 

tht^ urinary bladder. 

Vaginitis and cervicitis are also produced by this parasite. Papillary 
growtlis and ulcers may Ih) mistaken for carcinoma. On the vulva, 
papillomatous masses containing bilharzial eggs are, according to Madden, 
common. Similar excrescences about the anus, in the groin and perineum 
can bo distinguished from venereal warts by microscopical examination. 

Large numbers of eggs, as pointed out by Turner, may bo deposited in 
the lungs, where they give rise to a form of interstitial pneumonia. Accord- 
ing to Day, Shaw and Ghareeb, signs and symptoms of Ayerza’s disease may 
be simulated. Mainger stated that in B. hcemutobia, as well as in B. mansoni 
infections, latent pulmonary involvement is usually present, even in the 
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absence of pulmonary symptoms, and that by use of X-ray films the lesions 
can be verified about three months after infection. Eggs have been fomid 
also in the brain and spinal cord, thus accounting for epileptic and paralytic 
symptoms from which the patients had suffered, but these supervene only 
in hyperinfected individuals. One case of bilharzial myelitis was described 
by Day and Kenawy, with the customary symptoms. At autopsy eggs of 
B, hmnaiobia were demonstrated in the lumbar enlargement of the cord. 

Chesterman found certain districts in the Congo where eggs which appeared 
at first to be B, hcematobia are found only in the ifaeces, giving rise to dysenteric 
sjrmptoms closely resembling those produced by B, man^ani, but in this instance 
they are longer and with more attenuated extremities than those usually seen 
in the urine {see Appendix, p. 892). Similar conditions have been recorded 
from the Assiut district of Eg^t, where only B. hcemaiobia is presept. 

Fisher, at the instigation of Chesterman, brought forward a considerable 
amount of evidence that this Congo bilharziasis is not due to B, hamatobia as 
was thought, but to B. intercakUa, a species which ki its morphology is inter- 
mediate between that of B. hmnatobia and B, bovis. The spindle-shaped eggs 
resemble those of the latter species and also of B, mattheei, with terminal well- 
developed spine, which may attain a length of 20 p. The intermediary host 
appears to be Physopsis ajricana, Zellweger found this species commonly in 
Gaboon, along the course of the Ogow4 river and its tributaries. 

The symptoms produced by B, intercakUa appear to be mild ; in Yakusu 
(Congo) it has be^ found that 50 per cent, of the school- children are infected ; 
their health is not seriously affected, but sometimes spleen and liver are enlaiged. 
Dyeenteric symptoms and abdominal pain constitute the only outward signs of 
the disease, and pulmonary manifestations (in contrast to B, kamatcbia) arc 
practically absent. Toxic manifestations, which usually accompany massive 
infections with B, mansoniy or B, japonitay have been noted. (Fig. 136.) The 
hepatic and intestinal symptoms run a similar course, with urticaria and bronchial 
asthma. The infected bowel, as seen by sigmoidoscopic examination, has a 
granular appearance suggesting sandpaper, and then* are petechia of minute 
size, but no polypi or ulcers. 

Bilharzial appendicitis, due to accumulation of B, hoBmatobia eggs in the 
appendix, is a cimical entity. Lovett Ctampbell, in northern Nigeria, found them 
in 57 per cent, of all appendices removed at operation, and considers that this 
infection may produce symptoms requiring urgent surgical intervention. 
Barsoum, on the other hand, stated that it does not cause or predispose to 
appendicitis of the inflammatory type. 

Diagnosis. — The diagnosis of this disease is not difficult ; the presence 
of eggs in the urine is decisive. (Figs. 186, 187.) In countries like Egypt, 
where the disease must often concur with chyluria, with stone, witli vesical 
tumour, with gonorrhoeal cptitis,and with pyelitis, as well as with prostatic 
disease, care most be exercised in each particular case to separate the special 
factors to which the various symptoms are attributable. Thus, in cfayhiria 
wriih bilharziai disease there will w chyle in the urine in addition to blood. 
In such a combination the clot which forms will be larger, will contaiii oil 
granul^ and globules, and very probably microfilaiw, in addition to 
biiharzia eggs ; moreover, the microfilaria will generally be detectable in 
the finger blood if looked for at night. Stone in the Madder, when suspected, 
has to la sought with the sound. In gonoitfaceal cystitis a history of 
gonorrhoea will be forthcoming. In prostatsc disease enJargemant of the 
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prostate may be made out. Difficulty may sometimes arise when eggs are 
scanty, or have ceased altogether to come away in consequence of the death 
of the parent worms. The mischief wrought by the parasite remains, 
although the eggs — the most certain evidence of the parasite’s previous 
presence — may no longer be discharged. But, even if the eggs are very few, 
they may still be found in the last drop or two of urine passed. If they are 
not found in the urine, sometimes, by scratching the surface of the bladder 
with a sound and examining the shreds of mucus so obtained, a few, calcified 
it may be, but presenting the characteristic spine, may be seen with the 
microscope. Confirmatory evidence may be obtained from the pus cells. 



F^. U6. — BUkarzia hamaiobia eggs in urine, showing contained miracidia. 

{Dr, H. K, Giffen.) 

the majority of which are eosinophils. Further evidence may be obtained 
by the tests described below. 

ComplemerU^fixation, — Fairley in 1917 described a complement-deviation 
test employing as antigen an extract of the livers of infected snails {Planorbis 
bais^yi). This antigen is prepared by macerating a number of livers containing 
oeroarise of B, tnansoni in abrolute alcohol, filtering, and evaporating by means 
of a Sprengel’s pump. A saline extract is then made of the dried residue and 
its anti-oomplementary dose estimated. The general technique is the same as 
for the quantitative Wassermann reaction in syphilis. 

The reaction is apparently a group reaction, in so far as an antigen prepared 
from oercarife of B, mansoni will give positive results with B. hfxmatchia serum 
in 89 per cent, of early oases ; further, Bettencourt and Borges stated that 
similar »^ions take place with Fasciola hepalica antigen, A positive result 
may be obt^ed in early infections even before the appearance of eggs in the 
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dejecta. It is not so specific in the later as in the earlier stages, but maj" be 
employed as a check to treatment. 

ItUrctdermal reaciion, — Fairley elaborated an intradermal test, similar to the 
Casoni reaction in hydatid. A saline extract of dried livers, 0*5 per cent., of 
Planorbis exrusttis infected with B, apiiidalis of the goat, is ust^d. The extract, 
having been rendered bacteria-free by passage through a filter, is injected 
intradermally in a dose of 4 min. A positive reaction is given by an immediate 
wheal and a zone of erythema with outrunners, and a delayed type of reaction 
in from five to eighteen hours. This test is usiTul as a means of diagnosis in all 
forms of bilharziasis, but remains positive for years after the [)atient has l)een cun*d . 

Cysioscopic cmmiuation. — In tlie early stages of the localized disease* 
(within two months of infection) the cystoscope reveals sparse* grey tliscrete 
elevations in the trigone around the urt>teric orifices ; later, definite 
hiemorrhagic papules appear with surrounding inflammation. Later still, 
characteristic “ sandy patches,'' resembling ridges of st»a-sand. with 
papillomata, can he distinguished. (Flatt* XX). Tln^se app(*arances are 
pathognomonic. 

Prognosis. — An important element to he considered in venturing on a 
pn gno.sis is the l(»ng life of the parasite. Another im|>ortant element in 
prognosis is the degree of inf(*ction ; the gn*al<*r the* numlH*r of parasite.s, 
the more sev(‘re and the more extensive is the disease they pnaluce. As 
with filarial infection, the greater the numlx*r of cases in a district, the 
greater the proportionate probability of severe infections. I'la* prognosis is 
practically that of a chronic cystitis defH*nding on a remetliable, and not in 
itself fatal, cause. Much suffering may often lx* produced, and, as a con- 
secpience, anaemia and debility. Possibly calculus may lx* formed ; 
pos.sibIy grave nmal di.sease may ensue : po.ssibly, eventually, villous or 
epitheliomatous growths in the bladder. In the milder degnx*H of infection 
which fortunately are the commonest, the patient stHUiis to lx* in way 
inconvenienced by the parasite, and generally tmca|M*s all serious conse- 
quence^. In any cim\ mild or stm‘re, there may lx* attacks of hiemaluria 
from tiim* to time ; as a rule, the quantity (»f hhxxl th**n*hy lost is 
insignificant. 

Trkatmknt 

Preliminaiy statement. The successful treatment of bilharziasis by intra- 
venous injection of sodium-antimony tartrate is due to (^hristopherson. His 
results have been abundantly confirmc*d. The drug appears to act upon the adult 
trematode by cumulative action, and results are judged by observation U|>on the 
eggs in the urine. According to I^e. the adult stage of the parasite is most 
readily affected by tartar emetic ; cercariie and miracidia are less susceptible, 
while eggs are not affected to anything like the same d^^x?. To test the effect of 
this drug the freshly-passed urinary deposit is mingled with about sixty times as 
much warm water at 13(P F., and the hatching of the eggs is observed. Under 
nonnal conditions this takes place in about five minutes, but after several injec- 
tions of antimony tartrate they become dark and shrivelled and contain dead 
miracidia., Christopherson believes this change to be due to the direct action 
of antimony upon the eggs (Fig. 138). Fairley, from experimental studies 
on the alli^ B. spiwkUu of the goat, believes that antimony acts selectively 
on the reproductive organs of the mmale bilhatxia, and thus brings about firstly, 
the shrunken appearance of the egg and, secondly, cessation of egg-laying 
capacity. 
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It should be noted that living eggs left in too long contact with alkaline urine 
fail to hatch ; therefore all experiments should be performed with freshly- 
voided urine. 

Potassium antiraonyl tartrate may also be used (see p. 824). 

1. Tartar emetic (Sodium antimonyl tartrate). — Intravenous injections 
are given on alternate days over a period of four to six weeks. It is cus- 
tomary to begin with ^ gr. of tartar emetic dissolved in 10 c.c. of freshly- 
distilled sterih^ water, and gradually to increase the amount by J gr. until 
the maximum individual dose of 2-2J gr. is reached. It is not always 
iK'cessary to dilutt» the antimony with 10 c.c. of water ; for amounts 
under 1 gr., 6 c.c^ suffices. Some toxic phenomena may be avoided by 
dissolving in 5 per cent, glucose solution. Antimony tartrate solution 
should not l)e boiled for any length of time nor subjected to pressure. For 
large numbers of patients stock solution of tartar emetic is made up in 
a sterilized vaccine bottle with a rubber cap in a strength of \ gr. to 1 c.c. 



Fig 137. ^llgg of n, 
kmnatohia to show de* 
development of mlra- 
cidium. 

•'f, sholl; K.F.. oinhryonio on- 
velojH- ; I/, uiinu'iilium ; (\ 
cilia ; Ul, Cph. oephallc 
glnixift. 


A 



Fig. 138. — Egg of Bilharzia 
hfrmatobia , showing 
changes produced in 
contained miracidium 
by antimony tartrate. 
{Dr, John Anderson,) 


of distilled wat(T ; this can be further diluted later. The solution should 
be drawn into a syringe of 10 c.c. capacity, and slowly injected into the 
median basilic or cephalic vein. The total amount injected to kill all 
adult trematodes is about 25-80 gr. of tartar emetic, llapid improvement 
in the condition of the urine is soon observed : generally all traces of 
blood disappear after th(» injection of 15 gr. For children a total of 10 gr. 
appears to be sufficient, the maximum individual dose being 1 gr. This 
course of treatment, once commenced, should be persisted in ; cases 
almost invariably relapse if there are interruptions for a week or longer. 
In Egypt (1925) the course consisted of twtdve injc^ctions three times 
weekly till 22J gr. of the drug had been administered, and occupied four 
weeka._ When a small amount of diluting fluid is utilized, as suggested, 
evidences of toxic absorption are noted, such as headache, cough, 
nausea and transient rheumatic-like pains, especially in shoulder joints. 
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Fairley confirmed the specific action of tartar emetic on the adult worms. 
In B, apindalis infections of the goat, he showed that tartar emetic, in doses of 
3*9 to 6*5 mg. per kilo, at daily intervals for a period of from sixteen to twenty - 
six days, kills the adult parasites and eradicates the disease. PentavaJent com- 
pounds of antimony (Neostibosan, Neostam, etc.) do not seem to be so efficacious 
as tartar emetic. 

IL Anthiomaline {Lithium antimony thiomalatt) is recommended by Mouli- 
nard as a more efficacious drug than emetine or tartar emetic. There are no 
contra-indications ; intramuscular injections are not painful, and there is no 
evidence of either local or general reactions. Anthiomaline is very soluble and 
contains 16 per cent, of antimony. It is supplied in 2 c.c. ampoules of a,6 per cent, 
solution containing 0*02 grm. of antimony. The initial dose is 0*5 c.c. for a child 
of twelve and 1*5 c.c. for others. The maximum individual dose for an i^ult 
is 4 C.C., for a child of twelve 2 c.c. ; and the total dosage is about 66 c.c. It is 
best given by the intravenous route on alternate days. 

III . Stibophen. — This 6*3 per cent, aqueous solution of sodium antimony 6i>. 
— catechol — 3 : 5 — disulphonate has largely replaced tartar emetic for intra- 
muscular and intravenous injection. It contains 8*5 mgm. of trivalent antimony 
per c.c. For adults the initial dose is 1*6 c.c. and 3*5 c.c. on the second day, 
5 c.c. being the maximum dose. Thereafter, injections are made on alternate 
days. Total dosage varies from 40 to 76 c.c. For children the initial dose is 
0*5 c.c. and the maximum 3*5 c.c. ; the maximum total dosage is 47*5 c.c. A 
full course of treatment averages 29 days. Stibophen is non -irritating, causing 
few local reactions, and is almost identical with Fouadin. 

IV. Fouadin (Neoantimosan). — A trivalent compound — antimony 
pyrocatecbin disulphonate of sodium (containing 18 per cent, of antimony) 
— waa introduced in 1929, for the treatment of bilharziasis in Egypt. It is 
claimed that a cure may be effected in nineteen days, in contradistinction 
to the more prolonged tartar-emetic treatment. The drug is given inira- 
rnusadarly in 7 per cent, solution, and is put up in ampoules. The dosage 
is as follows : 

For an adult : Ist day 1*5 c.c. 

2nd 3*5 ,, 

3rd ,, . . . , .5,, 

Subsequently 5 c.c. on alternate days up to the I6tb. 

The total number of injections should be from ten to fifteen, totalling 
0*4 grm. of antimony. Of this quantity 60 p<^r cent, is excreted in the 
urine and 4 per cent, in the faces. Late vomiting occurs in 2*6 per cent, of 
the cases. There is apparently no local reaction except, occasionally, 
spurns of coughing. The urine is examined after the last injection, and if 
living eggs are still present further injections are indicated. According to 
Khalil (1980), in 1,474 cases treated with fouadin a cure was obtained in 
97'6 per cent. It is generally considered that the results are by no means 
so satisfactory as by the older method with intravenous tartar emetic. 

Orenstein stated that fouadin should never be given ifiiravenmdy, but 
should be administered intramuscularly on alternate days. In over 
800 school-children treated in this manner no toxic symptoms were 
observed. The toxic effects of antimony therapy are given on p. 166. 
Overdos^e must be avoided. One of the most serious and permanent 
injuries is retrobulbar neuritis with central scotoma and loss of colour seiuie. 



EMETINE TREATMENT 


687 


V. Emetine. — There is some evidence that emetine also is toxic to bilharzia 
(Diamantis and Erian). The injections should be given intramuscularly to 
children who are intolerant of antimony, or whose veins are too fine for intra> 
venous injections ; generally treatment is commenced with J-gr. doses, the 
maximum single dose for a child being 1 gr., while an aggregate total of 15-20 
gr. is recommended. Tsykalas, who reported results in 3,800 cases, injected the 
drug intravenously in doses of 1} gr. c^ily, the total course lasting 10-14 days, 
and 15-17 gr. (1*12 grm.) being injected. Toxic symptoms — diarrhoea, vomiting 
and neuritis — ^are apt to ensue. In his later communications Tsykalas claimed 
that emetine is superior to any other. The biggest doses should be given at the 
commencement of the course and should be given daily. The heart’s action 
must be cjutjfully watched, and the size of the dose regulated by body-weight. 
Two months should be permitted to elapse between individual courses of treat- 
ment. 

Table X. — Dosage of Antimony Compounds 


Compound. i 

Percentage of Antimony. 

Total Dosage. 

Ant. potass, tart. 

36 

1-9 grm. 

Ant. sodii. tart. • 

39*5 

1 1 '6 grm. 

iStibophen. ! 

13*5 

1 40-75 c.c. 

Fouadin. 

13 5 

: 6 J-65 c.c. 

Anthiomaline. ! 

16 

‘ 60-6v5 c.c. 

Local measures.- 

-Stone and troublesome 

new growths are removed 


by operation. Mackie and others- reported good results from perineal 
cystotomy and drainage when distress is extreme. Perineal fistula must be 
dt*alt with on ordinary surgical principles. Hypeq)lasia of the vagina and 
cervix is bt^st treated by scraping. If. by care, re-infection from watiT 
can bi^ avoided, there is no nwd to send the patient away. 

Prophylaxis. — In the endemic districts, children, in particular, should 
Iki carefully and repeatedly warned, by school and religious teachers, 
against drinking or battling in rivers, ponds, and canals. (Fig. 139.) 
Sportsmen should be warned against wading, especially when shooting 
snipe, in localities known to be infected ; even fishing in fresh- water canals 
in countries like Egypt is not frc>e from risk. Swamps, when slightly 
brackish, are safe. Drinking-water should be boiled, and every care must 
be exercised to prevent the diffusion of the disea.se by prohibiting the 
evacuation of excreta into or nc^ar water, where the piiracidia might find 
the opportunity of development and transmission. This prohibition should 
not be restricted to patients exhibiting definite symptoms of the disease, 
but extended to all, because, as special inquiries have shown, a large 
proportion of the infected do not suffer from any troublesome symptom 
and are often unaware of their infection. Leiper pointed out that much 
might be accomplished by attacking the mollusc intermediary and the free 
cercari®. For the former, he suggested periodic drying of irrigation canals 
and the use of chemical manures ; and for the latter, the use of cercariacides 
such as sulphate-of-soda tablets for drinking-water, boiling, and lysol, 
creolin, or oresol (1 in 10,000) for bathing- water. Chlorine, in the strength 
(1 in 1,000,000) generally used in tropical countries to sterilize water, 
appears to have no lethal effect upon living cer<jari». 
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Witenberg and Yofe showed that ohlorine is the only agent which can be 
depended upon to kill oercari®, and that chloramine is the most effective form. 
Chlorine water, containing 2 grm. per litre, is prepared by introducing gaseous 
chlorine directly into the water ; 2 grm, of ammonium chloride (NH4CI) is then 
dissolved in 100 c.c. of this chlorine water, and the solution is left to stand for 



Fig, — The bitennediary hofts of B, hmmatobia and B, manmni {Plam^rhU 

hoissyi and BuUinm coniortwt) in their nahiral surroundhigf. Nat. nire, 
(J. k. Lund, dtl.) 


two hours at room temperature. Of this 2*6 c.c. are dissolved in one litre of water. 
This forms the stock solution, which crmtains from 1-2 [jer million of active 
chloramine. For military purposes in the field, Bprowle recommended half 
hour contact with water*steriU£ing powder containing 23*85 per cent, chlorine 





PROPHYLAXIS 689 

at a tenifiorature between 27*5"’ C. and 60” C., the dose indicated by Horrocks 
test, plus one, proving lethal to bilharzia core^riae. 

Ammonium sulphate, under experimental conditions in weak solution, 
kills snails in a few hours. The free cercaria lives but a short time — at 
most forty-eight hours — in water, but a mollusc onc^e infected continues so 
for months. The free cercaria3 readily pass through the ordinary municipal 
filter-bed, for they can traverse 80 in. of fine sand in five hours ; but they 
perish if they do not get access to an appropriate host within forty-eight 
hours. These facts should be taken into account by the sanitarian. 

Alternate drying and using canals for a week or 10 days at a time is not 
to be depended upon for killing snails — wliich can withstand desiccation 
for considerable periods. 

The difficulty about the efficient prophylaxis of this and other forms of 
bilharziasis lies in the habits of the snails, which reappear in pools and 
water-courses directly the rains re-cornmence and after they have, to all 
appearances, been exterminated. Thus in Egypt Khalil states that in 1928 
all bulinus snails were completely exterminated in the isolated irrigation 
region of Wardan in the west of the Nile Delta, by mixing copper sulphate, 
1 in 200,000, in the entering water. A few months later they were present 
in large numbers, some being found on weeds caught by the pillars on 
a wooden bridge at the entrance of the canal. It therefore seems as if all 
the canals in the Delta were restocked from the Nile. That infected snails 
are found in the Nile there appears to be little doubt, for 25 per cent, 
of the children who have never left Roda Island (which lies opposite Cairo) 
are infected w'ith B.hcem^ohia. In 1919 the Editor summed up the situa- 
tion in Egypt as follows : 

“ During the spring months of the year the sluice gates are open and 
the Nile water is coursing through the canals of Lower Egypt, bearing 
with it large masses of fresh- water weed and other vegetation, to which 
inf(*cted snails are to be found clinging.'" 

An organized attempt has been made in Egypt, by educational means in 
schools, by pamphlets, and by diagrams, to deal with the problem effectively. 
The efforts of the sanitary authorities have r(H*eived the backing of the 
religious authorities, but the difficulties are very great and progress must 
necessarily be slow . These remarks are applicable to B. nuinsoni as well as 
to B. hoematobia infections. Under the direction of the Under-Secretary of 
State for Public Health in Egypt, there are fifty-six units engaged in anti- 
bilhar^ia work, prophylaxis being mostly upon the therapeutic basis by 
mass treatment of all infected individuals. 

Keeping ducks, which feed on fresliwater snails, is recommended. 

A novel suggestion * for practical prophylaxis of bilharziasis was advanced 
by Archibald in the use of the fruit of Balanites mgyptiaca^ a tree which grows 
naturally in the irrigated areas of Africa, Arabia, Egypt and Palestine, Pro- 
phylactic measures suitable for one area are unsuitable for another, and the 
Arabs resent chemical treatment of their only potable water. Balanites asgyptiaca 
fruits prolifically for six months annually ; the date-like fhiit is eaten, but 
the be^es, kernels, bark, roots and branches contain an active principle w'hich 
is deadly to molluscs, miraoidia, oercariee, tadpoles, and fish. For actual use 
the berry is advised one weighing 5*2 grm. suffices to kill bilharzial molluscs 

45 
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when soaked in 30 litres of water. Thirty-five berries are added to a 4| -gallon 
petrol -tin of water and stood overnight. The next morning the softened pulp 
is enished in water and stood for twenty -four hours, and this suspension is 
added to a cubic metre of water. This suspension may be obtained naturally 
if there is a dense afforestation of these trees on the borders of canals and pools 
which harbour bilharzia-carrying snails. 

11. Intestinal Bilharziasis (BUharsia niansoni) 

S3^onym. Intestinal schizostoiniasis ; Schistosomiasis dysentery. 

Definition. — A chronic endemic disease caused by BiUuirzia nuxnsoni, 
giving rise to dysenteric and other symptoms referable to the intestinal 
canal, characterized by appearance of lateral -spined eggs in the fjeces. In 
the early stages there may be general symptoms, such as fever and urticaria, 
indicating absorption of the toxins excreted by the parasites. One of the 
visceral manifestations of this infection is Egyptian splenomegaly, a 
common disease in Egypt and Northern Nyasaland, in many n^pects 
resembhng kala-azar. 

History and geographical distribution.— The occurrence of a bilharzia pro- 
ducing lateral-spined eggs was noticed by Bilharz in 1851, but he confounded it 
with B, hannatobia ; subsequently several observers encountered female worms 
with lateral-spined eggs in utero, and the idea of a distinct species suggested 
itself to Sonsino and others ; but this was discarded for other hypotheses— for 
instance, that the peculiar position of the spine was due to distortion of the 
egg-shell in passing through the muscular coat of the rectum. 

Manson, in 1903, found numerous lateral-spined eggs in the fjeces of a patient 
from Antigua who had never suffered from haematuria. The peculiarities of 
the case led him to surmise that the lateral-spined egg indicated a new sixHiies 
of bilharzia. In 1907 Sambon, on comparing specimens of the type characterized 
by lateral-spined egg with B, hmmaiobia and other species of bilharzia, and 
taking into consideration its peculiar geographical distribution and distinct 
pathogeny, proposed that it should be considered a distinct species — BUharzia 
mansoni. He subsequently described many cases of lateral-spined bilharziasis 
from South America. Holcomb and da Silva first defined the peculiar anatomical 
distinctions of B, mansoni, but the duality of species was finally settled by 
Leiper in 1916. He proved that the miracidia, hatching from lateral-spined 
eggs, after developing in snails of the genus PlanorbiSf developed into adults 
with constant morphological distinctions. Subsequently this was confirmed by 
Fairley and the Editor in Egypt, and by Lutz in Brazil. 

Possibly this bilharzia is originally a West African species, imported into 
the New World by Afiican negroes. Its geographical distribution, as far as 
is known at the present dky, extends from the Nile Valley throughout Central 
and West Afiica, the West Indies, and South America ; its range of distribution 
is limited by that of its appropriate intermediary host. (Map V.) 

£pldemlolo|praiid endemiology. — Bilharzia man^i requin^ slightly 
different conditions for its propagation from those of B. hamudobia, so 
that, though frequently found associated in Africa, yet there are areas 
in the Southern Sudan and in West Africa where B. niansoni is prevalent 
and B. hcsrfiatobia absent. Although bilharziasis occurs in eleven out of 
fourteen provinces in the Sudan, B. hcenudohia is the common type in the 
north, and south of the Upper Nile Province B. mansoni alone is found. 
(Map V.) 



PATHOLOGY OF B. MANSONI 


691 


Infection is acquired during the months of the year when water is 
sufficiently shallow to permit a high concentration of cercaria?. In inland 
lakes the seasonal incidence is from October to the end of January, but in 
the Nile backwaters the danger period is usually February to June. 

In South America, especially in Surinam and Venezuela, B, mansoni is 
widespread ; in the latter country it forms an important problem, and 
30,000 are infected in .one area, the central part of the Northern coastal 
range where the intermediary, Ausiralorlns glahratus,^ is found. Infesta- 
tation is commonest where sugar cane is irrigated. In several communities 
at least one quarter are infected, especially men. Wheiiev(^r snails occur 
near houses the women are as highly infected as men, and the children 
acquire infestation early. The West African green monkey {Cercopithecus 
sabcetis) constitutes a reservoir of B, viansoni 
infection in W. Africa, and in St. Kitts in the 
Lessee Antilles where it now lives in a feral 
state. 

» 

^Etiology. — The parasite much restunbles 
B. hmnaiobid. The distinguishing features are 
that it is generally smaller and more grossly 
tulMTCulated. There are other points (Fig. 

140). Th(* female deposits one or two eggs at 
a time — a circumstance perhaps explicable by 
the peculiar structure of the uterus. The eggs 
are somewhat spindle-shaped, provided with a 
lateral spine (Plate XXVI, 12, facing p. 1003) 
and ar(‘ generally slightly shorter than those 
of B. hannaiohia, 0*15 mrn. in length by 0*06 
mm. in diameter. These eggs are passed out 
in the froces, rarely in the urine, and hatch out 
a ciliated miracidium. {See also p. 898.) 

Pathology of intestinal bilharziasis.— The 

eggs of B. mansoni may be found in great nura- 
l>er8 in the liver, .w’here they give rise to a peculiar 
form of “ pipe-stem ” cirrhosis. Sandy patches, pjg, UO.^Bilharzia matisonu 
due to effete calcified eggs, cover large areas of male and female x 6. (After 

the intestinal surface, and may give rise to acute Looss.) 

choleraic diarrhoea. Black pigment granules are 
deposited in the interstitial and secreting cells of 

the Uver, and have been shown in both B. mansoni and B. hcematobia infections, 
but are commoner and more abundant in the former. It is golden brown or sepia, 
and gives the same reactions as malarial pigment (h»matin). The gall bladder 
has very rarely been found infected. The lymph -glands in the retro-peritoneal 
tissue are enlarged. There is generally an appreciable hypertrophy of the spleen, 
which may possibly be attributed to toxic absorption and which gives rise to the 
clinical syndrome knowm as Egyptian splenomegaly. 

The affections of the colon may be classified into four types — (a) those with 
simple thickening of the mucous membrane ; (6) thickening of the mucosa 
with papillomata and ulcers ; (r) pericolic tumours associated with papil- 
lomata ; (d) polypi of the csecum which may lead to intussusception. Infiltration 
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of the appendix with B. tmn&oni eggs is not uncommon and may produce the 
signs and symptoms of acute appendiciljjis, which is determined by secondary 
bacterial infection. 

The small intestine is hardly ever affected, except in its lower part. In the 
colon the disease causes the formation of septic foci, and ulceration of the bowel - 
wall appears to be produced by the tearing-off of pedunculated papillomata 
by the peristaltic action of the intestine. By this means, and by sloughing 
at the base, are produced clear-cut ulcers which may become subsequently 
infected with Entamceba histolytica. Perforation of the bowel may occur. 
Fairley and Lampe drew attention to the similarity of the disseminated pericolic 
nodules to miliary tuberculosis and also to infiltration of the mesenteric glands 
by bilharzia eggs. 

Shaw and Ghareeb emphasized the importance of pulmonary damage as the 
cause of death in B. rnansoni as well as in B, hccnuU^ia infections. The main 
damage is due to embolism by eggs derived from female flukes outside the lung 
They are filtered out in the arterioles which accompany the bronchioles, pro- 
ducing diffuse arterial changes or Ayerza's disease. Parenchymatous tubercles 
are found containing the characteristic eggs. In some 10 per cent, of cases, the • 
adult worms have been found in the pulmonary' veins. 

Visceral Bilhakziasis ; Hkpato-lienal Firrosis : 

Egyptian Splenomegaly 

Splenomegaly, associated with cirrhosis of the liver, is coiimion in all parts 
of Upper and Lower Egypt, wdiere 20 per cent, of infants und(*r four years 
of age are found to have splenic enlargement and anamiia. It is common 
among the workmg class at all ages up to thirty ; in the young it is apt to 
run a severe course, while at a later age the chronic form, progressing to 
ascites, is met. In children the disease is generally associated with rickets, 
in adults with ancylostomiasis. A similar syndrome was rtniord^Hl by Dyt* 
from Northeni Nyasaland in patients also inf(H*ted w ith Bilharzia mansoni. 
Originally, Day came to the conelu.«ion that in Egjpt this disease is a 
peculiar manifestation of B. mansoni infecditm. He regarded it as distinct 
from Banti’s disease in that the hepatic changes are noted from the com- 
mencement, while the f^ijsinophilia and recurrent fevcT disappear under 
specific treatment with tartar emetic. Hyperplasia of the jqdeen appears to 
be secondary to the hepatic cirrhosis, and to this condition are to he ascri!)ed 
the ansBmia and leucopenia which are found in advanced cases. Thosi* 
with advanced cirrhosis are just those who have few intestinal symptoms, 
and who pass scanty, or, it may he, no eggs in the stools. Eggs of B, 
mansoni may be found on digf‘Stion of solid organs, such as tlie liver and 
spleen, with potash. 

Pathology of hepato-lienal form, — Ferguson recorded that the average 
weight of the spleen is 30 oz. ; it may reach 3(K) oz., and, according to Day, 
may contain scanty of B, mansoni. It is firm ; microscopically there is a 
general hyperplasia with active phagocytosis of red cells by maiTOphages. 

Onsy stated that the only cjertain method of flnding eggs in these spleens is 
by macerating the tissues in 20 per ct;nt. soda solution and then t^imtrifugaliztng. 
The eggs an* phagocytosed by giant oelb, a process accrom panted by CHUisiderable 
eosinopbilia. In oider to account for the widesptt^ nature of the visceral 
lesions and the paucity of eggs, the view was put forward by Girges and others that 
Egyptian splenomegaly is caused by infection by male Bilharzia mansoni, in 
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the absence of the female ; but this view is not widely held. On the other hand 
the presence of “ spinster ” females has been rejwrted. 

Abdel Shafi claimed that, although the incideme of eggs in the liver is fairly 
high, yet other organs and tissues show much heavier deposits, that infection 
of the liver alone is unknown, and that the number of eggs in the liver substance 
is small in comparison with the extensive cirrhotic changes in that organ. 

The liver is usually enlarged in the early stages, and presents the picture of 
early multilobular cirrhosis with isolated necrotic foci. In the more advanced 
stages the organ is shrunken and firmly fixed to the diaphragm by adhesions. 
There is a comparative absence of bile-duct formation. The bone-marrow 
shows no great disturbance of the haemopoietic system. 

Symptoms of intestiiial bilharziasis. — As in B. hcematobia iniectionsy 


the earliest manifestations are associated with the entry of the cercariae 
into the skin, and consist of an irritative demat it is depending upon the 
intensity of exposure. Within a few 
hours minute petechiae may be observed ! 
at the sites of invasion of blood vessels, 
but these disappear in a day or two. 

B, mun^oni inhabits chiefly the 
branches of the portal vein in the liver 
and the mesenteric veins. Its eggs, 
deposited within the submucous layer 
of the large intestine, give rise to 
dysentery-like symptoms, commencing 
six to eight weeks after infection ; 
mucus with blood is passed from time 
to time, the egg-laden stools becoming 
freipient and their passage being 
perhaps attended with tenesmus. 

In certain well-established cases small 
(sometimes large) branching, soft 
KrowthH are felt inside the sphincter Fig. Ul.-Rectalbllharilasis: adeno- 
ani. (Fig. 141.) They resemble mata prolapsed through anus, 
polypoid growths and are apt to be {After Madden,) 
mistaken for internal piles. They may 

extend as high up the bowel as the sigmoid flexure. If one of these 
growths is torn up, the lateral-spined eggs an* seen in the debris. 

In heavy infections, in early cases, toxic symptoms resembling those of 
katayama disease (p. 700) are noted, espt^cially in Europeans. General 
symptoms consist of intermittent pyrexia, with giant urticaria, abdominal 
pain, anorexia, rigors, and pulmonary symptoms. (Chart 27.) The very 
evident urticaria, often accompanied by swelling of the face and lips, is 
thought by some to be due to destruction of cercariaB in the skin capillaries ; 
by others to the filtering out of foreign proteins from the portal circulation. 
Pons stated that cough is invariably present in early cases, and tenderness 
is found over the liver, spleen, and intestines, especially over the cfiBCum. 


On abdominal examination of dysenterifonn cases enlargement of liver 
as well as pf spleen is frequently found. A pronounced leucocytosis with 
high eosinophilia (up to 76 per cent.) is invariable. 

Later, localised symptoms, with passage of dysenteric motions, supervene. 
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Li the ternmial stages large palpable abdominal lunionrH may form, 

and intestinal stasis or distension may take 

place. Infiltration of the buttocks witli 
eggs, leading to induration and fistulas, is 
not uncommon. When the liver has become 
markedly cirrhotic, ascites may be present. 
Pneumonia from egg-deposition in the lungs 
is an occasional complication. 

Sometimes dysenteric attacks may develop 
^ into acute diarrhoea, of choleraic type, which 

§ may prove fatal. Deposition of the eggs in 

1 the appendix occurs comparatively often and 

3 produces symptoms of a subacute append ici- 

^ tis. Generally the organ is much thickent*fl 

I and infiltrated so that it can easily be 

I palpatini. The diagnosis of bilharzial 

1 appendicitis from septic or anuebic appen- 
85 dicitis may be difficult. 

^ Symptoms of the hepato-lienal form 
5 (Egyptian splenomegaly) . — The 

2 symptoms of this condition, commonly 

S known as “Egyptian splenomegaly,” apjH^ar 

to be more objective than subjective. There 
g are irregular fever, w'asting. and a striking 

• pallor. The splwn is obviously enlarged, 

® hard and firm, often reaching to the 

J umbilicus (Fig. 142) ; the liver also in the 

early stages is enlarged. Vomiting and 
S diarrhoea are frequent. In the later 8tag(>8 
g oedemas, of varying degn*e, and purpuric 
rashes may ensue. The fever is generally 
S im*gular, intermittent, and not amenable to 

jK quinine. The splenic enlargement causes 

g pain and discomfort. e8|)eciaily after meals, 

•? and on exertion giv<?8 rise to a dragging 

g sensation, though the main symptoms are 

caused by debility and anasmia. As the 
^ diseast^ progrmf^s, so pyrexia increases, until 

^ the steady enlargement of the liver and 

• spleen causes the costal angle to expand. 

^ HaBmateniesis often occurs, but jaundice is 

rare. The final stage is ushered in by 
cirrhotic changes in tlie liver, which Ijecornes 
hard and finn and shrinks within the costal 
margin. The spleen also becomes fibrotic, 
but does not proportionately decrease in 
size. The pain, which is due to perisplenitis 
and perihepatic adliesions, increases, while 
vomiting is common. Finally, the patient 
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EGYPTIAN SPLENOMEGALY 695 

succumbs with sj^^raptoms of hepatic cirrhosis, ascites, and emaciation. 
Death is usually due to pulmonary complications. 

Kenawy described a continuous venous hum which may be heard by 
the stethoscope over the liver, and which he considers is characteristic. 
The hum becomes louder during inspiration, and also in the erect position. 
After splenectomy the sound disappears ; this is probably due to the 
removal of some venous communication. Unfortunately, this sign is of 
no great assistance in differential diagnosis, for a similar hum has been 
noted in other forms of cirrhosis, as well as in Banti’s disease. 

The blood picture varies. In the early stages there is a leucocytosis 
of 17,000 and myelocytes may be present ; later, progressive anaemia of 
the microcytic type becomes appar- 
ent, with leucopenia of 3,000 and a 
mononuclear increase of 10-17 per 
cent. 

Among the rarer complications, 
thrombosis of the portal vein and 
hepatic carcinoma have been re- 
corded. 

The course of the disease is gener- 
ally protracted: in older children and 
adults it may run twenty years or 
more. Ascites is always regarded as 
unfavourable. In all its aspects this 
stage resembles bilharziasis japonica. 

Diagnosis. — The characteristic 
(•ggs are easily found in the fteces 
under low powers of the microscope ; 
they may be very scanty, and it is 
nec(*8sary to examine three or more 
sjH^cimens before arriving at a nega- 
tive diagnosis. (Fig. 148) . They are 
more easily found in solid than in 
fluid stools, especially in the outer 
portions of a motion. Qiiit<* a high 
proportion of cases art* latent — that 
is to say, they do not pn‘8ent any 
recognizable or urgent symptoms, 
llie Editor found examination of mucus and scrapings from the 
riKJtal mucosa, obtained through the proctoscope or sigmoidoscope, 
more reliable than a fteces <*xainination. Allen Scoti also considertHi that 
the highest diagnostic efficiency is obtained by rectal swabs. On examina- 
tion of over 1,000 faecal specimens by three different techniques and by a 
combination of them-“-m., egg-counting by Stoll-Hausheer method, using 
0*005 c.c. of fteces diluted in dt'cinormal soda, sedimentation in normal 
saline consisting of concentrated egg-count and swabs — ^lie found that the 
latter method gave the best results. In about 5 per cent, of cases 
in Egypt tht^ characteristic eggs may be found in the urine as well 
as in the feeoes. 



Fig. U2. — Egyptian splenomegaiy. 

{After Bichards and Day ; hy per- 
mission of the British Journal of 
Surgery,) 
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FuDebom recommended the Telemann method of finding the eggs when 
scanty. The fsBces are shaken up with a mixture of concentrated hydrochloric 
acid, 1 part, water, 1 part, ether, 2 parts, and strained through gauze ; the filtrate 
is centrifuged and examined. The deposit may then be mixed with water 
and the eggs encouraged to hatch, when the miraoidia are more easily detected 
(Appendix, p. 1009). 

In this form of bilharziasis the total serum proteins do not vary much 
from nonual. but the globulin and globulin-albumin rates and the percentage 
of euglobulin are increased, more especially in patients with splenomegaly 
(Khalil and Hassan). The formaldehyde test may, th^^refore, constitute a 
reliable means of differentiation from leishmaniasis. 

The complement-fixation and intradermal tests are the same as in B. 
hcemaiobia infections (p. 683). 



Fig. 14i.-~Microphotograph of miracidium of BUharzia mantomi escaping 
from egf. X 1,600. (/>r. A. J. Chalmfrs.) 

In rectal disease, should B. mamoni be suspeckHt, an adenomak^us 
growth may hr* removed by forceps and examined for eggs. 

Sigmoidoscopic examination usually reveals pedunculated adenopapil- 
lomata in the upper part of the rectum, hut usually this is unnecessary, os 
they can be felt by digital examination and may sometimes bt? swn pro- 
truding in poljrpoid masses from the anus. In very early cases granular 
patches can be detected on the rt*ctal mucosa from which eggs may be 
obtained by scraping with a blunt Volkirjann sp(K>n through the sigmoidos- 
cope. The localized thickenings of the larg«» int<^tint% due to polypi and 
pricolic growths in the transverse and pelvic colons, may he palpated in 
heavily infected subjects. 
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Differential diagnosis of the hepato-lienal form has to be made from 
splenic aneemia and other forms of splenomegaly. It is stated that injec- 
tions of adrenalin decrease the size of the spleen in splenic anaemia, but are 
without effect in bilharziasis. 


Treatment 

I. Antimony treatment. — Gross changes in the organs are more 
extensive than in B. hosmatohin infections, due partly to toxic absorption 
and parfly to deposition of eggs, and it is possible, as Madden and Day 
asserted, for adult trematodes to be extirpated by tartar-emetic without 
affecting the fibrotic changes. Hence, it may prove necessary to remove 
polypoid or adenomatous growths obstructing the intestines. In early 
cases antimony is as successful as it is in B. hmmjiobia infections. Lampe 
in Surinam treated out-patients with three injections of 3 c.c., 5 c.c. and 
7*5 c.c. of a 1 per cent, solution of tartar emetic thrice weekly — a total of 
150-200 c.c. — the whole course occupjdng six to seven weeks. Dye and 
others gave rectal injections of tartar emetic as being especially suitable 
for children, who can tolerate 16 gr. by the rectum without toxic effects, 
but the amount of the dnig alworbed is unknown. Five to seven daily 
intrarectal inj(*ctions are necessary. 

B. mamoni is more difficult to t*xterminate than B. iueniaiobi^, and 
requires larger doses of intravenous tartar emetic — up to a total of 50 gr. 
Ah in B. Iicpmatolria infe(‘tions, fouadin has been extensively employed as an 
intramuscular injt'ction, especially in Egypt, but it does not appear to be 
as (‘fficacious as intravenous tartar emetic, while Khalil reported a few 
cases of sudden death. From Egyptian statistics in 1934, it is learned that 
the total number of bilharzia cases which received nine or more injections 
of fouadin was 1,938 : of these 53 per cent. W(‘re cured, but 21 per cent, 
required eleven injections, and the remainder even more. After thirteen 
injections, signs of intolerance were noted. (j8cc p. 685.) 

Khalil thought that there are individual variations in the excretion of 
fouadin, and that idiosyncrasies to this drug may occur. The rate of renal 
excretion is important, and the drug is most easily tolerated by children. 
Any degree of kidney damage is a contra-indication. Usually, after the 
fifth injection dead eggs of B. mansoni may be found in the faeces. Relapses 
are recorded in 33 per cent, of cases. Fouadin gives a positive catechol 
test in the urine — a gn‘en colour with ferric trichloride which changes to 
violet on adding sodium carbonate. If the urine is not clear, it must be 
centrifuged. Anthiomaline, as in B. lujemaiobia infections, is now being 
extensively tunployed with success (p. 686). 

II. Emetine. — Emetine is as efficatdous in this disease as it is 
in B. hamatobia infections. The amount necessary, according to Maciel, is 
about 0*6 grm. (9*2 gr.) in a series of ton injections. The initial two injections 
should be J gr. each, the remainder 1 gr. Emetine should be reserved for those 
who are intolerant of tartar emetic. 

III. Operative treatment of intestinal bilharziasis. — Dolbeyand 
Falmiy held that the rational method of obtaining a permanent cure in 
cases with extensive disease* of the rectum is excision of the whole tube of 
mucous membrane; Lengths of 12-15 in. can be removed vrtth ease. A 
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circular incision is made at the junction of skin and anal mucous membrane; 
the external sphincter and levator ani attachment are separated by blunt 
dissection ; when once the latter has been separated, the raucous tube may 
bo loosened by the gloved finger and withdrawn i»ntil the upper limit of the 
papillomata is reached. Recovery is uneventful ; there is little tendency 
to retraction of the tube, and control of the anal sphincter is regained. This 
operation is unsuitable for very anaemic or debilitated patients. 

IV. Operative treatment of the hepato-lienal form. — According 
to Richards, palliative operative interferences, such as frequent tapping and 
the Talma-Morrison operation (omentopexy), are permissible in cases with 
ascites, though in early cases before the development of ascites, he per- 
formed splenectomy with success. Coleman, Bateman and Stiven con- 
firmed the value of this operation. The mortality-rate is about 16 per cent, 
and deaths are due to late shock. Great care is still necessary in the 
selection and preparation of cases for operation. Ascites, pellagra, heart 
disease and debility are contra-indications. Considerable leucocytosis 
should be considered a bar to operation, and it is necessary to differentiate 
this condition from leukaemia. An injection of pneumcoccal vaccine should 
be given the night before the operation to prevent the possible development 
of pulmonary complications. Li his account of 890 cases, Stiven stated that 
five to six weeks’ preliminary treatment is necessary ; it should consist of 
carbon tetrachloride, to get rid of intestinal parasites, and intravenous 
injections of neo-salvarsan for syphilis. The weight of the spleens removed 
by this surgeon averaged 3f lb. The favourable results appear to be per- 
manent, and ascites does not develop. Day claimed that early cases are 
curable with tartar emetic. 

Stiven operated with stovaine spinal aniesthesia, making an incision, varying 
in length with the size of the spleen, down the centre of the left rectus parallel 
with the middle line, and starting at the costal margin. Skin and rectal sheath 
are divided by the knife, the rectus muscle being separated into two equal 
parts by a sweeping action of the finger. The peritoneum being opened, the 
spleen can be delivered, in the absence of adhesions, through the wound. The 
p^cle is clamped and the organ removed. The former is now transfixed with 
a long pedicle needle armed with black and white linen thread, linen being less 
apt to slip than silk, and the difference in colour ensuring recognition of the 
necessary interlocking. After operation, patients are given nothing to drink 
for twelve hoars and then strict diet for five days, and subsequently a purge. 
Nourishing diet and iron and arsenic are necessary. Patients usually leave 
hospital after fifteen days. 

Prognosis. — This is the same as for B. hcentniobia, but it must be re- 
membered that this disease is generally latent, and that even large intestinal 
polypi may give rise to little or no inconvenience. 

Cases with papillomata of the rectum, dyscmteric symptoms, tenesmus, 
and anssmia, and those with actual obstruction of the intestinal canal and 
cirrhotic changes in the liver, must Iji* regarded as serious. 

Prophylaxis is the same as in B. hmnatobia (p. 687). There appc^ars to 
be a greater probability of contracting the disease in the neigh bourh<K)d of 
canals and waterways, which are the favourite haunt of Planorbu boisayi, 
of which a high proportion (50 per cent, or more in some cases) are found 
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to be infected with the cercarisp of thift treraatode in Egypt. In northern 
Nigeria and in Kenya, infection has been recorded from bathing in clear 
pools in the absence of any obvious a(]uatic vegetation. In South America 
and Venezuela prophylaxis is concerned mainly with avoiding collections 
of water and cane-field irrigation canals which form the haunts of Aiisira- 
lorlns glalmiius. 

III. Eastern Bilharziabis {BiUiarzia japonica) 

Synonym. Katayama Disease. Schistosomiasis japonica. 

Definition. — A chronic endemic disease of Eastern Asiatic countries, 
caused by Bilharzia japonica, and characterized by great enlargement of 
the liver and spleen and ascites. The eggs of the parasite are discharged in 
the fa&ces. Initial toxic symptoms, urticaria and pyrexia, are common. 

History and geographical distribution. — For very many years an endemic 
disease characterized by splenomegaly, enlargement of the liver, cachexia, 
ascites, pyrexia, and dysenteric symptoms had been observed in Japan. In 1888 
Majima found eggs in a cirrhotic liver, and in 1904 Katsurada saw a miracidium 
emerge from similar eggs which he had found in fseces ; later, he discovered the 
adult trematode, H. japonica, in the portal veins of the cat. In that year also 
Catto found similar parasites in a Chinaman in Singapore. The next addition 
to knowledge was made by Katsurada, who succeed^ in communicating the 
parasite to cats by immersing their legs in the water of certain ponds reputed 
to convey the disease. In 1913 Miyairi and Suzuki traced the parasite, through 
snails common in the infected districts, back to the vertebrate host, a discovery 
confirmed in the following year by Leiper and Atkinson. 

So far. the parasite had been found principally in Chinese and Japanese, 
though a few Europeans — mostly naval officers and sportsmen, addicted to 
snifMvshooting in the rice-fields — had acquired the disease. Its present range, 
as far as is known, may be stated as follows : In China it occurs in endemic 
fo(M in the Yangtse basin, from Ichang, 350 miles above Hankow, to the sea ; 
in the province's of Hunan fiSiang River), Hupeh, Anhwei, Kiangsu and Kiangsi. 
An endemic centre has recently been reported from Shiuchow, on the North 
River near (Janton, and also from Foochow' (Fukien). It has been recorded 
on the Burmese border between Yunnan and the Northern Shan States. In 
•]a])an it is osptH'ially prt* valent in the province of Hirosliima and in the village 
of Katayama. Endemic foci also exist in Southern Formosa, and in the Southern 
Philippine Islands — ^Samar, I.»eyte, Mindanao and in Celebes (Dutch Ekwt Indies.) 
(Map. V.) In countries where it exists, dogs, cats, rats, and imported cattle 
and horses are found naturally infected ; native cows, on the other hand, appear 
to be immune. 

Etiology. — The parasite closely resembles /?. hematobia, though it is smaller 
and the integument is smooth and non -tubercu feted. » In proportion, the 
acetabulum or ventral sucker is longer and stouter than in either B. hwmatobia or 
if. mansoni. The eggs, smooth and slightly oval, measure 0*08 mm. by 0*06 mm,, 
and |)ass through the intestines into the f»ces. They possess a rudimentary 
lateral spine, and show considerable variation in size, but in the uterus of the 
female bilharzia they are much smaller than those in the fasces. {See p. 893.) 

The miracidium, after casting its cilia, develops in fresh -water molluscs of 
the genua Oncomdania^, Gredler, 1881, which has a widespread distribution 

* Then? )mii bwn much of>«fujdou utniut tb<* tx»iToct nomenclature of theue anaita ; the reader is referred 
to Appendix, p. 8115. 
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in Japan and China ; probably all species of this genus are j)otential carriers 
of B. japonica. 

Pathology. — The outstanding feature is the great enlargement of the liver 
and spleen. The fornu'r is hypertrophied and nodular, due to the formation 
and contraction of fibrous tissue ; on digesting with 3 per cent, potash solution, 
it is found to contain many eggs. The great enlargement of the spleen, on 
the other hand, is probably due to absorption of toxins or, possibly, to back< 
pressure, as eggs are seldom found there. As in other forms of bilharziasis, 
granules of black pigment are found in both viscera. The appendices epiploicse 
are greatly thicken^ and may be matted together ; the mesenteric and retro- 
peritoneal lymph-glands are enlarged ; hypertrophy and thickening of the 

lower parts of the intestinal tract, with forma- 
tion of ulcers and polypoid growths filled with 
eggs, are generaUy noted. The bladder is 
unaffected. 

Occasionally, indurations of the pia mater 
and granulomatous lesions of the cerebral cortex 
have been found, eggs l>eing present in great 
numbers. The 3 "oung forms of the parasite 
enter the general circulation through the veins 
and collect in the lungs, apparently entering 
the liver by traversing the mediastinum and 
the diaphragm. Inside the portal system they 
soon reach maturity. Infection of the fmtus 
during intra-uterine life is ap[)arently possible. 

Symptoms. — The disease produced by 
B. japonica is serious and, when pnuiounced, 
sooner or later proves fatal. The gravity of 
any given case depends, amongst other 
things, on the degree of infection and the 
circumstances of the patient. Of 1,077 
y)ersons near Shushima, Japan, examined hy 
Koiki, 42 were found inf(*cted. Of tht*se, 
only 22 were not in g<»od health. Penetra- 
tion of tlu» skin by the cercaria? causes an 
intense pruritus, partly mechanical, and 
partly due to an irritating substance si^creted 
by the larva*. The erythema thus produced 
was formerly regarded hy the Japanese as a 
skin diseam*, “kabun*.’’ The same condition 
is produced by inft*cti(>n with cercaria? of the 
other two human speci<*«— /i. mansoni and 
B. hcematobia. 

The course of the diseasti can be 
divided into ihrtHi stages : invasion, 
deposition and fibrosis. The first (Kaiayama dis(ias(») occurs shortly after 
infection and lasts about a month. It is associattnl with toxic symptoms— 
pyrexia, giant urticaria, abdominal pain, paroxysmal cough, leucocytosis, 
and a high eosinophilia (60 per cent, or raon^) . Dermatographia is common . 
The seamd is characterized by great emaciation and is accompanied 
by dysenteric symptoms and enlargement of liver and sph^en. The third 



Fig. t44.--Asiatk bUliarzIasis. 

(PhcSopnph hy Dr. J. A. 
Thomim ; hy eaurteey of Wm^ 
come Bur. J^i. Bee.) 
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or final stage, when it does supervene, occurs from three to five years 
after infection. In this the liver and spleen are cirrhotic and enlarged 
(hepato-lienal fibrosis). Ascites and oedema of the extremities appear, 
with an®mia and exacerbations of dysenteric symptoms (Fig. 144). The 
patient may die of exhaustion, of some terminal infection, or of Jacksonian 
fits, hemiplegia, and even total blindness owing to deposition of eggs in the 
cerebral cortex, or destruction of the visual centres. 

Diagnosis. — All cases of urticarial fever from the endemic districts 
should be watched for many months (especially if eosinophilia persists 
after the subsidence of the primary attack) and the stools examined for 
eggs of B, japonu'a. All cases of chronic intestinal disturbance from the 
districts mentioned, especially if associated with enlargement of liver and 
spleen, should be regarded as possible cases of bilharziasis, and the blood 
and stools should be examined. If the characteristic eggs (Fig. 145) are 
discovered definite diagnosis is established^ 

Complement-fixation reactions and intradermal tests as in B, hcematobia 
infection, with antigen made from cercari®, 
may be employed ; and a similar reaction is 
obtained with extracts from the bodies of the 
adult tremaUxles when the serum of artificially- 
inft‘cted horses is used (Seuzasu, 1917). 

According to Faust and Melcney, the aldehyde 
or serum -globulin test is strongly positive in 
many cases. 

It is said that ferments are given off by the 
adult bilharzia, one of which is allied to trypsin 
and digests albumin in an alkaline medium. 

The disease in its terminal stage has to be 
diffenm tinted from Banti’s disease and from 
kala-azar. Camplxdl .stat(‘s that most cases 
diagnosed as Banti’s disease in the Far East 
are in fact bilharziasis japonica. Louclis 
sugg<*sted that a safe method of making a positive diagnosis is by biopsy of 
the liver during splenectomy, and the demonstration of the eggs, when they 
are not apparent in the heces. Differential diagnosis has to be made 
also from .lacksonian epilepsy, cysticercosis and tumours of the brain, since 
deposition of Ji.jajKmka (‘ggs in the c»*rebral cortex may give rise to granulo- 
inata of considerable siz<*. 

Treatment.— Antimony tartrate, given in the same doses and in the 
same manner as for B. h(etnafolm, appears to be efficacious in kilhng adult 
trernatodes. A total amount of 24 gr. or more is lunjessary. In two cases 
under the care of the Editor, Jacksonian fits disappeared after this treat- 
ment. According to Faust and Meleiiey, 20-30 gr. of intravenous tartar 
emetic over a period of eighteen to twenty days is usually curative. 
Kasbun and othc'rs claimed that intramuscular injections of fouadin in 
doses up to 5 c.c. are effective, as in B, hcrtuatolna infections, but the full 
course, as detailed on p. 686, is necessary. 

Unfortunately, in China and Japan patients usually apply for timtment 
only when in the advanced stages ; in these the intestinal ulceration and 



Fig. 145. — Eggs of B, japonica 
in flEces. x 250. {Microphoto- 
graph by Dr. J. BeU.) 
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hepatic cirrhosis are generally so pronounced that drug treatment is of little 
avail. 

As in Egyptian splenomegaly (p. 697) splenectomy has been performed, 
but usually with little success, the hepatic cirrhosis being too far advanced. 
Campbell suggested that, if the blood-platelet count rises after the delivery 
of the spleen during operation, the splenic artery should be tied, and the 
spleen returned into the abdominal cavity, and that this procedure obviates 
operative shock. 

Emetine , — InjectSons of emetine hydrochloride are as efficacious as in the other 
bilharzia infections ; but it is necessary to remember that, as has been shown 
experimentally in goats infected with the allied Bilharzia apindalis, fatal ver- 
minous thrombosis of pancreatic and portal veins, as the result of the presence 
of dead parasites, may ensue. 

Prophylaxis. — Water reported to cause the disease should be boiled, or 
avoided, for drinking or bathing purposes. Sportsmen, if they must 
frequent such regions, should wear rubber boots or waders. According 
to Narabayashi, lime in a Bolution of 1 in 1000 is the most economical 
reagent for the extermination of the int(*rmediary host {Orwomelania) , and 
kills cercarisB in thirty minutes. It is espwially rw)mmended lx*caus(» of 
its added value as a fertilizer. Miyajima advocattnl damming up ditch(‘8 
for twenty-four hours and the addition of quicklime to make up a 1 per 
cent, solution. For liquid mud the application of a steam jet is said to be 
effective. Copper sulphate, 1 in 200,000, is tf)xic for snails, but they may 
also be kept in check by training coolii>s to collect them. It is said that 
eggs remain viable for ten days outside the btxly in solid fa^c^^s, and this 
factor should be recognized in formulating sanitary measures. Mass 
treatment in out-patient clinics will help to eliminate carriers of the diseasi*, 
whilst educational propaganda, e8|>eeially in China, is all-important. The 
prophylaxis of this form of bilharziasis presents many difficulties, for the 
disease attacks domestic animals, especially dogs, as well as man. llie 
snail vectors, moreover, live in almost inaccf^ssible situations in channels, 
overhanging banks and ditches, and, being opercuIatcKl, can withstand 
drought with impunity. It has b^nm shown by Ro8(^ that thos<» snails 
which are heavily infected do not propagate, as infection with cercarico 
destroys the genital glands. 





CHAPTER XLII 


PARASITES OF THE LYMPHATIC SYSTEM AND CONNECTIVE 
TISSUES : FILARIASIS 

Definition. — Morbid conditions produced by certain nematode worms, 
or filariee, the adults of which, of both sexes, live in the lymphatics, con- 
nective tissues or mesentery, producing live embryos, or microfilariae, 
which find their way into the blood-stream where they are capable of 
living for a considerable time without developing further. 

History. — In 1863 Demarquay found what is now known as the embryonic 
form — microfilaria bancrofti (Fig. 146, /) — in hydrocele fluid, and in 1866 
Wucherer discovered the same organism in chylous urine. In 1872 Lewis 
established the fact that the organism lives principally in the blood of man, 
and consequently named it Filarta sanguinis hominis. The adult form was 
found in 1876 by Bancroft in Brisbane, and named Filaria bancrofti by Cobbold. 

Manson in 1878 made the important observation that the mosquito subserved 
the parasite as intermediary host, and in 1880 described the remarkable pheno> 
menon of filarial periodicity. Originally, Manson proposed to call the embryonic 
form of Wuchereria bancrofti, in order to emphaisize its nocturnal periodicity, 
Filaria nociuma, but, in accordance with the rules governing zoological nomen- 
clature, precedence was given to Cobbold's name for the adult form ; the 
embryonic form is therefore referred to in this manual as microfilaria bancrofti ; 
the other filaria^ of the blood are named microfilaria loa (or mf. diunia) (Fig. 146, 
2), microfilaria malayi (Fig. 146, J), microfilaria volvulus (Fig. 146, 4), micro- 
filaria ozzardi (mf. demarquayi) (Fig. 146, 6) and microfilaria perstans, the 
(‘inbryo of Acanthocheilanema perstans (Fig. 146, 5). Filaria bancrofti has been 
renamed If'uc/iererta bancrofti and an allied species, W, malayi, has been dis- 
covered. 

Pathological importance. — Only some of these parasites, so far as 
we know at present, have important pathological bearings, notably, W. 
bancrofti and W, malayi, which, m their adult stages, inhabit the lymphatics 
of man. There is abundant reason to believe that they are the cause 
of endemic chyluria, of various forms of lymphatic varix, and of other 
tropical diseost^, including tropical elejdiantiasis. Loa loa and Onchocerca 
whulus produce less serious pathological lesions. 

The filarite less important frtnn a pathological standpoint are dealt 
with in the Appendix (pp. 735-788). 

I. FILARIASIS DUE TO WUCHERERIA BANCROFTI 

Geographical distribution and prevalence. — Wuchereria bancrofti 
occurs indigenously in almost every tropical and subtropical country, 
from Charleston in the United States and Southern Spain in Europe to 
Brisbane in Australia. It is extremely common in India and South 
China, Samoa, and many of the Pacific islands, where fully 60 per cent, 
of the inhabitants are affected. It is also found in the West Indies, 
South America, North Africa, Southern Sudan, West and Central Africa 
(Map VI). 

If the individuals who exhibit the microfilaria in their blood be reckoned 
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in addition to those who exhibit the pathological efff>ctfl of filarial disease, 
but in whose blood the microfilaria is no longer to be found, the incidence 
of filarial disease in some of the Pacific islands is very high — as high as 
80 per cent. 

iEtiolo^. Parental forms , — The parent filariae {Wuchereria hancrofti) 
have betm found many times. They are long, hair-like, transparent 



F%. micrclilarlie ; I, iHf. Iiaiicrolti ; 2, Mb toi ; I, Mb maltyi ; 

4, Mb votrnliii ; S, Mb perstam ; K Mb omnib {Pmum to eeaU,) 


nematodes, 2-B in. in length (Figs. 147, 148), The sexes live together, 
often inextricably coiled about each other. Sometimes they are eneiosiHl, 
coiled up several in'a bunch and tightly packed, in little cyst-like dilata- 
tions of the distal lymphatics (Maitland) ; sometimf^s they lie more loosely 
in lymphatic varices ; sometimes they inhabit the larger lymphatic trunli 
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Ix^twium tho pjlandu, the lymphatic glands tlu^msolves and, probably not 
infrequfuitly, th(* thoracic duct. 

The? female worm is almost twice the length of the male, and considerably 
broader. The fully- mature and fecundated female hlaria gives birth during 
her lifetime to an unending stream of living embryos, or microfilariae, which 
emerge from the vaginal orifice. (For further details see Appendix p. 925.) 

Opportunities have arisem for the study of the life history of W, hancroftv in 
over 1,000 marines who have returned to America from Samoa. After 3-6 
months’ residence there acute manifestations of filariasis resulted. Immature 
worms have l)een removed from fugitive swellings in the subcutaneous tissues, 
but so far no microfilaria; have been discovered in the blood. This is consistent 
with the view that it takes approximately one to one and a half years to complete 
development in the human body (Faust, 1944). 

The life-spans of IT. bancrofti and its microfilariae have not been determined. 
From the fact that the microfilaria; have betm found in the blood long after 
the opportunity of infection has passed, it is concluded that the adults may 
live for many years. The embryo filariae sometimes disappear completely 
from the circulation within a few hours of the death of the parent worms during 
an attack of lymphangitis. 



Fig. 147. — Wuchereria bancrofti {enlarged), left, male ; right, female, 
{Dr. M. Oeeierlcin.) 


Fig. 148. — Wuchcrerla bancrofti {natural size), left, male; right, female. 

As shown by Wise and the Editor, the mature worm is cretified after its 
death, and may be found in this condition in the lymphatic vessels and glands, 
sometimes in large numbers (BTg. 150), and it has been found by the Editor 
originally, later by O’Connor and Elsbach, that the adult filariae, whether aUve 
or dead, cause occlusion of the lymph vessels and thereby contribute towards 
general lymph stasis. 

According to O’Connor, microfilarisB are destroyed in the substance of the 
lymphatio glands and are responsible to some extent for the pathological changes 
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found in these structures. Ho showed that they are broken up in the lymph -node 
sinuses ; and that this is the ooinmon method of destruction of foreign substances 
in lymph-glands has been demonstrated by Indian-ink injection methods by 
Drinker, Wislieki and Field. McMullen (1937) described a case in an Indian, 
infected with If. bancrofii, in whom the microfilarisB were detected, by means 
of the slit lamp, in the anterior chamber of the eye. No visible eye lesions were 
present. (See p. 744.) 

The micfofilarim . — When present in large numbers in the blood -stream, 
microfilarise may be recognized in wet film preparations ; but, when the parasites 
are scanty, or for the examination ofa large number of persons, it is often necessary 
to examine a considerable quantity of blo^ (20 c.mm.) in thick-drop preparations, 
dried and then dehaemoglobinized. When seen in fresh blood the embryo filaria 
is a snake-like organism which, without materially changing its position, wriggles 
about very actively. 

W^hen dead and stained, the embryo is seen to be enclosed in a sheath 
(Pig. 150). On measurement, it is found to be 280 (jl by 7 ft. 

At the anterior extremity of the living microfilaria can l>e setm a minute 



Fig. 149* — Calcified Wuchereria bancrofli lying in and 
blocking a lyntphatic vessel. 


spicule, which is shot out and as rapidly retracted, and it is thought by some 
that the head is sheathed by a serrated “ prepuce.” In a fresh blood preparation 
the spicule can be seen disturbing cells at some distance away. (Fig. 151.) 
The utility of this mechanism is not known. Manson, who observed a similar 
mechiviiam in other microfilaria, including those of birds, suggested that they 
subserved a necessary function in periodiaty— -the mierofilariie being enabled 
to affix themselves to the walls of the capillaries by these means, thus enabling 
them to maintain their station in the blo<^-stream during the hours of daylight. 

Brag and Bodenwaldt described in the Dutch East Indies the embryo of 
a new filaria (Hffiofcerma nujdayi) which has a wide range in Malaya. 
Ceylon, India. Dutch East Indites, Indo-China, and Bouih China 
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(Fig. 146, j). Development takes place in a number of mosquitoes of 
the genera Mamonwides and Anopheles, The adult stage of W, malayi 
was described by Rao and Maplestone in 1988. 

Filarial periodicity , — A singular feature in the life of the microfilaria is 
what is kno^vn as “ filarial periodicity.” {See also p. 926.) 



Fig. 150.— Microfilaria bancrofti in hydrocele fluid. The embryo on the right 
has escaped from its sheath. 

If, under normal conditions of health and habit, the blood be examined 
during tin* day, the microfilaria is rarely seen, or, if it be seen, only one or 
two specimens at most are encountered in a slide. But towards evening 
they begin to appear in gradually increasing numbers. The swarm goes 




Fig. ISI.—Structure of head end of Microfilaria perstans (a, b) and 
of Microfilaria bancrofti (r, d), 

on increasing until about midnight, at which time it is no unusual thing 
to find as many as three hundred, or even six hundred, in every drop of 
blood ; so that it has been calculated that as many as forty or fifty millions 
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are simultaneously circulating in the blood-vessels. After midnight the 
numbers begin gradually to decrease ; by eight or nine o'clock in the 
morning the microfilariaB have disappeared from the peripheral blood for 
the day. This nocturnal periodicity, under normal conditions, is main- 
tained with the utmost regularity for as many as twelve years, as in the 
cases recorded by the Editor. Should, however, as Mackenzie has shown, 



Chart 28.-— Filariasis ( H'. bancrofti, Microfilaria noctiima), showing 
nocturnal periodicity. 

a filarial subject be made to sle€*p during the rlay and remain awake at 
night, after a period of three to four days the periodicity is n» versed ; 
that is to say, the parasites come into the blood during the day and dis- 
appear from it during the night. It cannot he the sleeping state, as some 
have coiijwtured, that brings about this pf»riodicity : for tin* ingress of 
the microfilaria* into tin* pt^ripheral blood commenc(‘S lhn*e or four hours 
before the usual time for sleep, and tlie egress Sf*veral hours before sleep 
is concluded, and this egress is not complete until several hours after the 
usual time of waking. This night swarming of the eml)ryos of U'. bancrofti 
in the peripheral circulation has l>ef*n n*garcied as an adaptation correlaU‘d 
to the life-habits of its liberating agent, tla* inosquito Vulex Jatigam, its 
usual intennediary host. (Chart 2H.) 

This periodicity is maintained in the absence of the adult parasites, 
and is therefore a character inherent to the microfilarias as was demon- 
strated by Knott {1935) in a patient Iransfust^ with microfilari»- 
containing blood and in whom they maintained noctunial periodicity 
for fourteen days. Haw king's results (1940) were loss conclusive. 

Many years ago Manson had an opportunity of ascertaining that during their 
diurnal temporary absence from the peripheral circulation the microfilarias 
retire principally to the larger arteries and to the lungs, where, during the day, 
they may be found in eiionnous nunilfcrs. 

Low, the Editor and WalterH show'cd that, ihfmgh the peri^idicHy curve is 
absolutely nocturnal, yet embryos may Ije prescmt in small numliers in the 
peripheral blood in the daytime. The evening rise of tfie embryo filariie is much 
more gradual than the matutinal faU, and the maximum migration occurs at 2 a.m. 




FILARIAL PERIODICITY 


709 


A fall ensues, however, immediately the waking state is entered upon. The 
number of microfilarisB in an infeeUnl patient remains remarkably constant : 
L#ow and the Editor obstTved the periodicity curve njaintained at the same level 
in one cjase for a p<?riod of twelve years. 

Various theories have been advanced by Fullebom and others to account 
for this singular phenomenon, though none are entirely satisfactory. Yorke 
and Blacklock thought that obstruction to the passage of microfilariae through 
the cutaneous vessels is at a minimum at the end of the period of bodily activity, 
and that the periodicity is primarily dependent upon the variations in the actual 
supply of microfilariae to the cutaneous vessels. But how account for the diurnal 
perioicity of microfilaria loa in circumstances which are exactly the reverse, 
or for the non -periodicity of the Pacific variety of W. bancrofti ? 

Clayton Lane believes that periodicity can best be explained by a process 
of periodic cyclical parturition on the part of the female filaria, with a daily 
destruction of all the embryos, and this hypothesis has received some support 
fmm the observation of O’Connor. He found that the uterus of the female 
tuiult filaria removed at operation empties its contents of microfilariae at such 
a time that they are present in the blo^-stream during the hours of night. The 
life-8j)an of the individual microfilaria in the blood -stn^am has not been accurately 
ascertained but it is certainly S€*veral we€»ks, if not longer {see p. 925) ; and on a 
slide at 4*^ C. they have been kept alive for six weeks by the Editor. Kubo 
has actually shown that in Dirofiktria immitis of the dog there is also a seasonal 
variation, and that in China the maximal numbers of microfilariae are found in 
the circulation during the hot weather at the end of August and beginning of 
Septeml>er : the minimal numbers in November and Deceml>er. 

Non-periodic microfilaria bancrofti, — Formerly it was thought that nocturnal 
periodicity was uniformly observ^ by microfilariae of W. bancrofti at all times 
and in every country. Many years ago Thorpe remarked that in Tonga and 
Fiji the microfilaria could be found ofU*n in great abundan(*e in the blood during 
the day as well os in the night, but, strange to say, it has since been ascertained 
that the microfilariae of neighbouring islands in the Pacific — namely, the Solomons, 
mme parts of New' Guinea and of the Bismarck Archij)elago — are for the most 
imrt, though not cntirtdy, jXTiodic. 

The Editor demonstrated that the microfilariae of Indian immigrants w ho 
have acquired their filarial infections in India retain their periodic habits during 
at least three years of residence in Fiji, but that if an Indian or a Solomon Islander 
acquires the infection in Fiji the microfilariaB are non-periodic in habit. 

As an explanation of this striking anomaly, it had been suggested that the 
non-periodic microfilaria is the progeny of a parent worm 8j)ecificAlly distinct 
from If. bancrofti ; but Leiper failed to find any anatomical difference between 
the Pacific worm and If. bancrofti of India. China, and South America. The 
Editor suggested that the non-periodic form constitutes a variety of If. bancrofti 
and propoMjd the name mr. pacifica for this parasite, which produces certain 
pathological peculiarities. Fiilleborn and the Edittir, after minute study and 
comparison of the microfilarisB from these countries, found that they are morpho- 
logically identical. It had been suggested that the non-periodic habit of the 
Pacific microfilaria is a partial adaptation to the day-halyt of the intermediary 
of the parasite in Fiji and other Pacific islands — vaiiegatus {Stegomyia 
paeudoscuidlaria)^, O’Connor established the significant fact that the range 
of the non-periodic filaria is almost co-extensive with that of Aedes variegatus, in 
the Pacific (sec p. 975). 

The habitat of microfilariae.— In lung sections (Pig. 152) the microfilariee 
lie outstretched or variously coiled in the vessels, large and small. In the 


> Now known to entomolrwlnU as A. 9cutftlnriH (*ir p. 975). 



710 PARASITES OF THE LYMPHATIC SYSTEM 


heart-muscle they are found in the capillaries betwecm the fibres ; in the kidneys 
they seem especially to affect the Malpighian tufts ; a very few an* also found in 
the capillaries of the brain ; vast numbers are pix^sent in sine^irs from the inner 
surface of the carotid arteries, l^reparations afford no explanation of how the 
microfilariae contrive to maintain their position in the blood-current, or of the 
forces determining their peculiar distribution. 

Subsequent observations have shown that, though microfilariae can be 
demonstrated in the capillaries of the liver and spleen in small numbers, the 
capillaries of the lung and kidney (Anderson) appear to be the favourite habitat 
of the embryos of If. bancrofti and of other species which do not exhibit this 
extraordinary nocturnal periodicity. Thus, the non-periodic Pacific microfilaria 
has also been found in greatest abundance in these situations. 



Fig. fS2.— Section of inng fhowing microfilaria in blood-vetfeb. 

{M icrophotograph : JJr. SpiUa.) 

The mo$quiio the intermediary host of W, bancrofti, — If the females of certain 
species of mosquito ‘ (Cukx faiigane^ or Aedee variegatus) which have fed on the 
blood of a fiiaiia'infected person are examined immediately after feeding, the blood 
in the stomach will l>e found to harlmur large numljers of living microfilariio, 
while a few hours afterwards many of them will be seen actively endeavouring 
to escape from their sheaths. C^Thange in the viscosity of the blood seems to 
prompt them to escape. After a time the majority succeed in effecting a breach 
and in wriggling themselves free from the sheaths which had hitherto enclosed 
them (Fig. 153). This process can be induced by chilling wet blood prefiarations 
on ice and then allowtng them to thaw at nx)m -temperature. The microfilariiD 
now, having become free, move about from place to place. At a somewhat later 
period it will be observed that, after discarding their sheaths, they have quitted 
the stomach and entered the thoracic muscles of the mosquito, where they may 
be seen moving languidly. To detect this, the insect riioukl be dissected in normal 
saline solution, for, if distilled water is ua^, the larv» break up. In the thorax of 
the insect the parasite enters on a metamorphosis which takes from ten to twenty 

Fur « lyimpkrUf Uii wf ipfries wbkS ituiy iwrvt m hoiitii, AptM^iKlix, p. 
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days (according to atmospheric temperature) ending in the formation of a mouth, 
an alimentary canal, and a peculiar trilobed caudal end, as well as in a relatively 
enormous increase in size (to ^ in.) and activity. During this period the larva 
sheds its cuticle (ecdysis) twice. The larval filarise now leave the thorax, and 
the majority pass forwards by the prothorax and neck, and, entering the head, 
coil themselves up close to the base of the proboscis beneath the pharynx and 
cephalic ganglia, though a few find their way into the abdomen, and even into 
the legs. Low first showed that the filaria, in its future progress, enters the 
proboscis, where, as pointed out by Grassi, its exact position is the interior of 
the proboscis-sheath (labium) (Fig. 164). 

The parasites remain in the proboscis, 
awaiting an opportunity to enter a warm- 
blooded vertebrate host when the mosquito 
next feeds. This they appear to do by pene- 
trating the thin membrane that unites the 
iabella to the tip of the proboscis-sheath, and 
so pass on to the surface of the skin, which they 
penetrate in the neighbourhood of the punc- 
ture made by the mosquito. As pointed out 
by Annett and Dutton, there is a weak point 
in the chitinous skeleton of the labium just 
where the Iabella are joined on, and it is at 
this spot that the parasites escape. Sometimes 
the larval filaria, in its progress through the 
thorax, becomes arrested and dies ; the 
defunct worm then appears to become 
enclosed, like a mummy, in a case of chit in 
inside the mosquito's body, resulting in the 
curious structure represented in Fig. 155. 

I'he physical conditions for development are 
important. The optimum is between 70 to 90^ 

F. and 70-100 per cent, humidity. The highest 
infectivity rate is obtained when the micro- 
hlariap in the imbibed blood number 100-160 
in 0*2 c.c. 

Mechanism of blood suction in mosquitoes . — 

F’uUeborn concluded that blood-sucking in 
mosquitoes is a reflex action. The fluid is aspirated by the initiatory gulp-like 
working of the insect's sucking pump, and when the mouth cavity is full of 
fluid, the spasmodic action of the pump becomes converted into a more or less 
continuous flow until the abdomen is fuUj^ distended. This was later 
confirmed by Macgregor. 

These observations prove that, like the malaria parasite, the filaria is introduced 
into its human host through the agency of a mosquito-bite. Once introduced 
into the human body, the filaria finds its way into the lymphatics. and glands, 
where jt attains sexual maturity ; possibly, though no exact data are available, 
after a period of six months or more fecundation is effected, and in due course 
new generations of embryo filaria (microfilariae) are poured into the lymph. 
These, passing through the gland — if such should intervene — by way of the 
thoracic duct and left subclavian vein, or by the lymphatics of the upper part 
of the body, finally enter the circulation. (Sec footnote, p. 706.) 

Epidemiology and endemiology* — In most countries in which 
filariasis is common it appears to be the rule that the incidence of infection 



Fig. 153.— Microfilaris casting 
their sheaths. 
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is greatest in the male, though in British Guiana Daniels and Conyers 
found twice as many females infected as males. This exception to the 
general rule probably finds an explanation in the habits of the natives. 
The Editor’s statistics from Fiji showed that of 1,320 people of Fijian 
blood, 30*4 per cent, of males and 28-9 per cent, of females were filariated. 



Fig. 154. — If. bancrofti in head and proboscb of mosquito. {O. C. Lou:,) 

a, a, a, Filariip; labium ; labmm ; baae of hy}*opharynx ; e, duct of veMcntHmlivarx 
gland ; f, /, (Wjphalic ; g, gf, eye ; /►, oisoptoivna ; *, inunc’lc. 


The incidence is greatest in both sexes, after the twentieth year; com- 
paratively more females than males are inf<^*ted below the age of ten. 
The youngest infected patie nt — a child of 14 months — was recorded liy 
Anderson in British Guiana. The rattj of filariation varit»s considerably 
in different islands of the Pacific, even in different districts of the same 

island, and is in direct proportion 
to the incidence of elephantiasis 
and other filarial diseases. In 
1912 in Ceylon the Editor found 
that, whereas 26 per cent, of the 
adults of soHie villages were 
infecUKl, in neighbouring hamlets 
the inhabitants were quit© free 
from these* parasiU*s and their associated diseases. Probably this 
inequality is mainly due to inf<*cfions with IP. vialayi, and can be 
explained by proximity to tanks and pools where inowpiitos breed. 

Pathology. — The filaria not (fenerally pathogenic . — In most c^tm of 
filarial infection the parasite ex<»rciw?s no manifest injurious influence 


155. — Chithiixcd filaria in thorax 
of mosquito. 
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whatever. In a certain proportion^ however, there can be no doubt that 
it does exert a prejudicial effect, and this mainly by obstructing lymphatics. 
Healthy, fully-formed microfilarisB — ^that is to say, the embryonic filarise 
in the blood — are, so far as we can tell, harmless. 

Filarial disease originating in injury of lymphaiic systems . — Eoughly 
speaking, the filaria causes two types of disease : one characterized by 
varicosity of lymphatics, the other by more or less solid oedema. The 
exact way in which the patasite operates has not been definitely and 
absolutely ascertained for all types of filarial disease. Apparently, in 
some instances a single worm, or a bunch of worms, may plug the thoracic 
duct, and act as an embolus or originate a thrombus ; or, the worm may 
give rise to inflammatory thickening of the walls of this vessel, and so 



Fig. 156. — Section of a fibrosed lymphatic gland. 

A, Portions of n calclfiiHl H'. banerofti : B, partiallj oocIudcMi lymphatic vessel. 


lead to obstruction from the consequent stenosis or thrombosis. In other 
instances the minor lymphatic trunks and the glands may be similarly 
occluded. (Pigs. 156, 157.) 

The Editor demonstrated in Fiji that the afferent lymphatic glands 
situated at some considerable distance from the actual seat of the filaria 
worms (for instance, the lumbar glands) undergo considerable changes, 
such as fibrosis, focal necrosis and giant-cell formation. These changes 
may be due partly to the destruction of microfilarisB within the gland 
substance, or to toxins excreted by the adult parasites. Some microfilari® 
undergo calcification, and thereby cause endothelial proliferative out- 
growths in the lymphatic channels. 

Pathology of lymphatic varix. — In consequence of the rich anastomosis 
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between contiguous lymphatic areas, a compensatory lymphatic circulation 
is sooner or later established. But before this can be thoroughly effected a 
rise of lymph-pressure and a dilatation of the lymphatics in the implicated 
area must take place. This leads to lymphatic varix of different kinds, degrees 
and situations. When the seat of filarial obstruction is the thoracic duct, the 
chyle poured into that vessel can reach the circulation solely by a retrograde 
movement ; this fluid may therefore be forced to traverse in a retrograde way 
the abdominal and pelvic lymphatics, the lymphatics of the groin, scrotum, 
and abdominal wall. As a consequence, these vessels, together with the thoracic 

duct up to the seat of obstruction, be- 
come enormously dilated. In dissection 
of such cases (Fig. 157) the thoracic duct 
has been found distended to the size of a 
finger, the abdominal and pelvic 
lymphatics forming an enormous varix, 
perhaps a foot in diameter and some 
inches in thickness, concealing kidneys, 
bladder, and spermatic cords. In such 
oases, when one of the vessels of the 
varix is pricked or ruptures, the con- 
tents are found to be white or pinkish. 
They are not limpid like ordinary 
lymph. They are chyle, therefore — chyle 
on its way to enter the circulation by a 
retrograde compensatory track. When 
the varix involves the integuments of 
the scrotum, the result is lymph 

scrotum ” ; when most prominent in the 
groin, then a condition of glands is 
produced which Manson termed “ varicose 
groin-glands ’’ ; when the lymphatics 
Fig. 157.— Dhsectha of tbe lym- of the bladder or kidneys are affected 

pbatics In a case of cbyluria, show- and rupture from over-distension, then 

^ ^ ^ chyluria is the result ; when those of 

.*Sr ^ fb® tunica vaginalis rupture, then there 

Trans. Path. Soc. wc_“chylo. 

cele '' ; but when rupture is into the 
peritoneum — chylous ascites. Occasionally, varicose lymphatic glands resembling 
those in the groin are found in the axilla. Occasionally, also, limited portions 
of the lymphatic trunks of the limbs are similarly and temporarily, or more 
permanently, distended. This, doubtless, is the pathology of all those forms 
of filarial disease characterized by visible varicosity of lymphatics, aith or without 
lympborrhagia. It may happen that the obstruction is in some lymphatic 
tract on the distal side of the entrance of the chyle-bearing vessels into the 
receptaculum chyli. In this case a rupture of the consequent lymphatic varix 
will give issue to a limpid lymph unmixed with chyle. 

In filariid disease associated with lymphatic varix, microfilariie are generally 
present in the blood as weU eat in the contents of tbe dilated vessels. Bometimes, 
it is true, the microfilaruB are not found. Such cases are probably of long 
standing ; had the microfilarbe been looked for at an earlier sts^e of the disease, 
they would presumably have been discovered. 

The microfiiadte have been seen to vanish from the blood -stn^am by several 
observers ; doubtless this is duo to tbe death of the parent parasite, and is 
generally associated with an attack of lymphangitis. 
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Pathology of elephantiasis. — Reasons for regarding elephantiasis a^s a 
filarial disease. — (l).The geographical distribution of W. bancrofti and that of 
elephantiasis correspond ; ’ where elephantiasis abounds, there the filaria abounds, 
and vice versa. (2) Filarial lymphatic varix and elephantiasis occur in .the 
same districts, and frequently in the same individual. (3) Lymph scrotum, 
unquestionably a filarial disease, often terminates in elephantiasis of the scrotum. 
(4) Elephantiasis of the leg sometimes supervenes on the surgical removal of a 
lymph scrotum. (5) Elephantiasis and lymphatic varix are essentially diseases 



Fig. 1 5S.— Section of » thickened ' brachial lymphatic containing portions of dead 
filaris undergoing disintegration and blockbig the lumen of the vessel. Note 
the large amount of fibrosis. ^ * 


of the lymphatics. (6) Filarial lymphatic varix and true elephantiasis are 
both accompanied by the same type of recurring lymphangitis. (7) As filarial 
lymphatic varix is practically proved to be caused by the filaria, the inferenoe 
appears to be warranted that, with rare exceptions, the elephantiasis of warm 
oUmates — the disease with which lymphatic varix is so o^n associated and 
has so many affinities — is attributable to the same cause. 

If the filaria be the cause of tropical elephantiasis, how account for the absence 
of the embryos from the blood, as is the case in the majority of oases ? The 
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answer is : either the disease-producing hlarisD have died ; or the lymphatics 
draining the affected area are so effectually obstructed by the filaria, its pr^uots, 
or its effects, that any microfilariae they may contain, or may have contained, 
cannot pass along these vessels to enter the circulation. Adult filariae of both 
sex^ in large numbers may be found in enlarged fibrosed lymphatic glands — 
epitrochlear,forexample — without corresponding microfilariae in the blood-stream. 

.We have already seen that in filarial lymphatic varix the parasites which 
produced the disease may die, particularly during attacks of lymphangitis ; 
we have adso seen that they may become cretified and may be found in large 
numbers in this condition or alive in the glands and lymphatic trunks, where, 
as the Editor has shown, they give rise to giant-cell formation and fibrotic 
obstructive changes (Fig. 158). 

Furthermore, in filariated subjects a process of proliferation of the endo- 
thelium of the lymphatic vessels takes place — a species of lymphangitis, first 



Fig. — Occlusion of lymphatic weueh by proliferation of the 

endothelium In filarlasis. 

described by the Editor and later confirmed by O'CTonnor ; it is due to the 
action of the microfilarisB which become imprisoned in the endothelial lining 
of the vessel (Fig. 159). 

There is quite enough evidence to show that the true pathological basis of 
elephantiasis lies in the destruction Imd blockage of the lymphatic filters in the 
lymphatic glands. 

For the true understanding of elephantiasis it is necessary to give a few facta 
about the known physiology of the lymphatic system. Lymph is a transudation 
from the veins and its prc^uction is maintained and regularized by intravenous 
pressure. It appears that, in order to produce true elephantoid tissue, a tran- 
sudation of lyrnf^ must take place, and that this transuded lymph roust contidn 
an excess of protein ; this forms an ideal culture roediuro for proliferating cells, 
thereby prodifcing lymphous hyperplasia. 

Sup^cial lymphatic capillai^ are specially abundant and contain actively 
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ciroulatihg lymph. The lymph stream flows in a series of directions from 
different areas of skin, with sharp lines of demarcation between each ; therefore 
the former conception of a generalized lymphatic anastomosis is incorrect. 
Forming, as they do, the most important and extensive part of the lymphatic 
system, the superficial lymphatics show the most pronounced changes in the 
integument and subcutaneous tissues. WooUard and Gray demonstrated that 
the lymphatic supply of the skin is particularly rich, and that the vessels lie 
mainly in the superficial part of the dermis at a slightly deeper plane than the 
arterioles, which give off loops to the dermal papillae. There is also a wide- 
mesh plexus of fairly straight vessels lying parallel to the skin surface, and these 
particular vessels contain no valves. In the deeper layers the lymphatics 
form a series of collecting radicles rather than a true plexus ; they are joined 
to the superficial plexus by more or less vertically placed vessels, and the collecting 
trunks contain valves situated about 1 mm. apart. The deep fascia is devoid 
of lymphatics. There is,^ therefore, a clear separation of the superficial or 
external lymphatic system from the deep or internal system. 

Diagnosis. — Diagnosis is made by demonstration of the microfilariae 
in the night-blood ; usually 20 c.mm. are necessary for the purpose, the 
thick-drop method being employed {see p. 999). But for reasons already 
stated the embryos may not always be present. There is usually an 
appreciable eosinophilia. 

Serological and intradermal tests in filariasis.— These tests were intro- 
duced by Fairley, Taliaferro and Hoffman. The antigen is prepared from 
Dirofilaria immitis of the dog, which is washed and dried, it being estimated 
that 1 grm. is extracted from 260-300 worms. An alcoholic is more potent 
than a saline extract of the antigen. A positive complement-fixation is given 
with most eases of If", bancrofti fUariasis ; but it is a group reaction, and appears 
to be more reliable in L. loa than in II". bancrofti^ but is also positive in Onchocerca 
voltrtdus, Lloyd and Chandra obtained the most reliable results with an antigen 
derived from the acetone-insoluble lipoids of D, immitis by the process used by 
Bordet for syphilitic antigen. Mohr and Lippelt obtained similar results with 
an antigen prej^arod from the fi laris of the South American ostrich, Contorto- 
spiculntn rheop. 

The intradermal test is based on the same immunological principles. Fairley 
uses 0*25 c.c. of a 0*1 per cent, extract as antigen. An immediate (30 min.) 
and delayed reaction are obtained ; the latter may become indirect after a 
period of forty-eight hours. A wheal over 2 cm. in diameter is regarded as 
positive. 

Technique. Preparation of antigen for complement-fixation test. — ^Technique 
similar to that described for bilharzia cercarial antigen is employed, 0*5 grm. 
of the dried powdered Dirofilaria immitis being extracted with 60 c.c. of 98 per 
cent, alcohol for 24 hours at 37"^ C. Well shaken by hand severed times during 
this period, it is filtered through Whatman No. 1 and a Buchner filter. The 
filtrate is subsequently concentrated by bubbling air through the solution kept 
at a temperature of C. by immersion in a water- bath till turbid ; this turbidity 
is then removed by adding 8 c.c. of fresh alcohol, making the total volume 26 c.c. 
The resulting extract is then stored in the ice-chest in amber-coloured ampoules 
of 1 c.c. capacity. The technique of putting up the test is similar to the standard 
advocated for serological diagnosis of bilharziasis. 

Preparation of antigen for intradermal test. — Fifty c.c. of a 1 per cent, saline 
extract of dried powdered antigen is incubated for two hours at 37° C., being 
well shaken by hand from time to time. Subsequently it is pas^ through a 
Whatman No. 1 filter paper, then through a Buchner filter, and is then sterihzed 
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by passage through a sterile Seitz asbestos filter. The filtrate is put up in dark 
glass ampoules and stored on ice. 

PandiCe reaction is an adhesion phenomenon. When blood containing micro- 
filarisB is mixed with blood from a normal person and kept at room temperature 
for an hour or longer, the embryos become sluggish and surrounded by adherent 
leucocytes. 

Filarial elephantiasis. — The anatomical situation of elephantiasis 
depends upon the distribution of the afferent lymphatic vessels. It must 
not be thought, however, that lymphatic elephantiasis is solely the product 
of filarial infection. The following classification of elephantiasis has been 
suggested by the Editor : 

(a) Congenital or familial elephantiasis (Milroy’s or Meige’s disease) ; 
stenosis of main lymphatic trunks. 

(b) Parasitic elej)hantiasis : Wvchereria hancrofti, W. malwji, or 
Onchocerca t^olvidus. 

(c) Septic elephantiasis (Elephantiasis nostras — lyni})hatic infection 
by streptococci). 

(d) Toxic elephantiasis due to absorption of irritating toxins, such as 
chrysarobin. 

(c) Obstructive elephantiasis, due to tuberculous glands, carcino- 
matous growths, syphilis, or yaws, or to surgical removal of 
main lymphatic glands. 

(f) Venous elephantiasis, secondary to vt*nou8 thrombosis, such as 
phlegmasia alba dolens, or white leg. 

Tesch, Brug and others have shown that elephantiasis is also produced 
by Wuchereria nialayi. The difference between the two forms of lymphatic 
obstniction seems to lie in the predilection of this parasite for the k^gs 
rath^jr than for the genitalia and scrotum as in Wuchereria bamrofii 
infestation. 

In most cases the real origin of the obstruction lies in the fibrotic changes 
induced by the parasite in the lymphatic vessels and glands, leading to 
elephantiasis. Lymph stasis in lymphatic vessels alone dcx^s not produce 
elephantiasis ; this has been proved by ligature of the lymphatic trunk, 
which results in oedema, but not in true ek‘phantoid hypertrophy. 

Anderson believed that the adult filariie living in the lymphatic system, 
by the damage they produce in the intima of the vessels, so prepare the 
way that a streptococcal or staphylococcal infection, however mild, is 
able to contain a foothold and that by the changes thus produced the 
lymph-channels become further occlud^, 

O’Connor demonstrated that in filarial lymphangitis focal spots can 
be distinguished from which the inflammatory process commences, and that 
this indicates the site of a dead filaria ; furthermore, that an attack of 
lymphangitis may be cut short by injection of sulpharsphenainine 
(0*2 grm. dissolved in 2 c.c. of sterik^ 1 per cent, novocain). This observe^r, 
with Golden and Auchincloss, found that in filkriated subjects, especially in 
elephantiasis, calcified filarias may be demonstrated by X-rays. The 
shadows range from 1 mm. in width to 2~8 mm. in length. This seems to 
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indicate that the infection may be quite extenBive. Fifteen shadows, or 
groups of shadows, were detected in one idephantoid leg. 

Thus can bo explained the production of elephantiasis by the filaria, and 
the absence from the blood of the embryos of the parasite which started 
the disease, as they cannot pass the occluded glands. Very likely the parent 
worm, or worms, die at an early stage of the disease, killed by subsequent 
lymphangitis, or some other undetermined cause. 

This anomaly is found in other conditions produced by W, bancrofti. In 
Fiji, for instance, the Editor observed that 38*2 per cent, of the cases of elephan- 
tiasis harboured microfilariae, while the microfilaria-rate in glandular enlarge- 
ment, also of filarial origin, was 34*6 per cent. On examining all those with 
clinical manifestations of filarial disease, it was found that 19*7 per cent, thus 
affected had microfilariae in the blood, but that 44*8 per cent, of those with 
numerous microfilariae showed no obvious sign of disease. As in the case of 
IF. malayi, it is possible that the non-periodic W. bancrofti in the Pacific produces 
its own peculiar pathological picture. This filaria lives mostly in the lymphatic 
glands and produces phenomena which are connected with these structures. 
It has a special preference for the epitrochlear glands, and is therefore likely 
to produce elephantiasis of the arms. It does not produce either chyluria or 
lymphuria as does the periodic W. bancrofti. ' 


Symptoms, Diagnosis, and Treatment op Filarial Diseases 

Enumeration of filarial diseases. — The diseases known to be 
f)roduced by or associated wuth W. hatwrofti are — abscess ; lymphangitis ; 
arthritis ; synovitis ; abscess of hip-joint : varicose groin glands ; varicose 
axillary glands ; lymph scrotum ; cutaneous and deep lymphatic varix ; 
orchitis ; funiculitis ; hydrocele ; chyluria ; elephantiasis of the leg, 
scrotum, vulva, arm, mamma, and other parts ; chylous dropsy of the 
tunica vaginalis ; chylous ascites ; chylous diarrhoea, and probably other 
forms of disease depending on obstruction or varicosity of the lymphatics, 
or on the death or injury of the parent filarisB in a lymphatic abscess — 
including fatal peritonitis and secondary infections by pyogenic micro- 
organisms (filarial abdomen). 

Abscess. — Occasionally, as aln^ady mentioned, whether in consequence 
of blows or other injuries, of lymphangitis, or of unknown causes, the 
parent filarias die. Generally the dead body is absorbed, just as a piece 
of aseptic catgut would be, or becomes cretified.^ Sometimes the dead 
worm acts as an irritant and causes abscess, in the contents of which 
fragments of the filaria may be found. Such abscesses, occurring in 
the limbs or scrotum, will discharge in due course or may bo opened ; 
if properly treated surgically, they may lead to no furt|ier trouble. Should 
they form in the thorax or abdomen, serious consequences and even 
death may ensue. 

The starting-point of these abscesses is, possibly, a small hasmorrhage 
produced by the filaria worm which becomes secondarily infected, but 

* wise and Minott lf)utid living or twtitlod, in the followiuK situations ; pelvis of kidney (SI 

Mil efiididy Is (18 tlnies), retrovierltoneum (13 times), iUo-psons nmsele (4 times), Gliason’s cajisule 
Itwii'e), Intfuiiml Klnnds (3fl UineK), lynipUatie vessels (8 times). Similar observstlons were mode by tlie 
K’llltoriu Hji. 
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by passage through a sterile Seitz asbestos filter. The filtrate is put up in dark 
glass ampoules and stored on ice. 

PandWs reaction is an adhesion phenomenon. When blood containing micro- 
filarias is mixed with blood from a normal person and kept at room temperature 
for an hour or longer, the embryos become sluggish and surrounded by ^herent 
leucoc^des. 

Filarial elephantiasis. — The anatomical situation of elephantiasis 
depends upon the distribution of the afferent lympliatic vessels. It must 
not be thought, however, that lymphatic elephantiasis is solely the product 
of filarial infection. The following classification of elephantiasis has been 
suggested by the Editor : 

(a) Congenital or familial elephantiasis (Milroy’s or Meige’s disease) ; 
stenosis of main lymphatic trunks. 

(b) Parasitic e]ej)hantiasis : Wuchereria hnncroJH, W. maimfiy or 
Onchocerca tx)lvulus, 

(c) Septic elephantiasis (Ekphaniiasis nostras — lym])hatie infection 
by streptococci). 

(d) Toxic elephantiasis due to absorption of irritating toxins, such as 
chrysarobin. 

(c) Obstructive elephantiasis, due to tuberculous glands, carcino- 
matous growths, syphilis, or yaws, or to surgical removal f>f 
main lymphatic glands. 

(f) Venous elephantiasis, secondary to venous thrombosis, such as 
phhgrnasia alba dolens, or white leg. 

Tesch, Brug and others have shown that elephantiasis is also produced 
by Wuchereria nialayi. The difference betw'een the two forms of lymphatic 
obstruction seems to lie in the predilection of this parasite for the l<*gs 
rather than for the genitalia and scrotum as in Wuchereria bnncrojti 
infestation. 

In most cases the real origin of the obstruction lies in the fibrotic changes 
induced by the parasite in the lymphatic vessels and glands, leading to 
elephantiasis. Lymph stasis in lymphatic vessels alone dot's not prodin^e 
elephantiasis ; this has been proved by ligature of the lymphatic trunk, 
which results in mdema, but not in true elephantoid hypertrophy. 

Anderson believed that the adult filarise living in the lymphatic system, 
by the damage they produce in the intima of the vessels, so prepare the 
way that a streptococcal or staphylococcal infection, however mild, is 
able to contain a foothold and that by the changes thus produced the 
lymph-channels become further occlud^. 

O’Connor demonstrated that in filarial lymphangitis focal spots can 
be distinguished from which the inffammatory process commences, and that 
this indicates the site of a dead filaria ; furthermore, that an attack of 
lymphangitis may be cut short by injfHJtion of 8ulpharsph«»namme 
(0-2 gnn. dissolved in 2 cx. of sterile 1 fw cfmt. novocain), llns observer, 
with Golden and Auehincloss, found that in filariattnl subjtxts, especially in 
elephantiasis, calcified filarias may be demonstrated by X-rays. The 
shidows range from 1 mm. in width to 2~8 mm. in length. This seems to 
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indicaio that tho infoctioii may quite oxteuftive. Fifteen nhadows, or 
groups of shadows, w(*r(i detected in oik^ ek^phantoid leg. 

Thus can be explained the production of elephantiasis by the fllaria, and 
the absence from the blood of the embryos of the parasite which started 
the disease, as they cannot pass the occluded glands. Very likely the parent 
worm, or worms, die at an early stage of the disease, killed by subsequent 
lymphangitis, or some other undetermined cause. 

This anomaly is found in other conditions produced by W, bancrofti. In 
Fiji, for instance, the Editor observed that 38*2 per cent, of the cases of elephan- 
tiasis harboured microfilariaB, while the microfilaria -rate in glandular enlarge- 
ment, also of filarial origin, was 34*6 per cent. On examining all those with 
clinical manifestations of filarial disease, it was found that 19*7 per cent, thus 
affected had microfilariae in the blood, but that 44*8 per cent, of those with 
numerous microfilariae showed no obvious sign of disease. As in the case of 
ir. malayif it is possible that the non-periodic W, baricrofti in the Pacific produces 
its own iiecmliar pathological picture. This filaria lives mostly in the lymphatic 
glands and produces phenomena which are connected with these structures. 
It has a special pfeference for the epitrochlear glands, and is therefore likely 
to produce elephantiasis of the arms. It does not produce either chyluria or 
lymphuria as does the periodic W, bancrofti, ’ 


Symptoms, Diagnosis, and Treatment of Filarial Diseases 

Enumeration of filarial diseases. — The diseases known to be 
produced by or associated with IF. batwrqfti are — abscess ; lymphangitis ; 
arthritis ; synovitis : abscess of hip-joint : varicose groin glands ; varicose 
axillary glands : lymph scrotum ; cutantHius and deep lymphatic varix ; 
orchitis ; funiculitis ; hydrocele ; chyluria ; elephantiasis of the leg, 
scrotinn, vulva, arm, mamma, and other .parts ; chylous dropsy of the 
tunica vaginalis ; chylous ascites ; chylous diarrhoea, and probably other 
forms of disease depending on obstniction or varicosity of the lymphatics, 
or on the death or injury of the parent filariae in a lymphatic abscess — 
including fatal peritonitis and secondary infections by pyogenic micro- 
organisms (filarial abdomen). 

Abscess. — Occasionally, as already mentioned, whether in consequence 
of blows or other injuries, of lymphangitis, or of unknowm causes, the 
parent filariae die. Generally the dead body is absorbed, just as a piece 
of aseptic catgut would be, or becomes cretified.^ Sometimes the dead 
worm acts as an irritant and causes abscess, in the contents of which 
fragments of the filaria may be found. Such abscesses, occurring in 
the limbs or scrotum, will discharge in due course, or may bo opened ; 
if properly treated surgically, they may lead to no further trouble. Should 
they form in the thorax or abdomen, serious consequences and even 
death may ensue. 

The starting-point of these abscesses is, possibly, a small hsemorrhage 
produced by the filaria worm which becomes secondarily infected, but 

^ Wine iitid Mirmtt found fllaritp, Uvitu? or cretifled, in foUowiiur sltuationa : pelvin of kidn^ (81 
tin w), ejjididy Ig (18 tlmwi), n»t.ro|U)ritoneuni (la titnes), Ulo-psoaH mnacle (4 tiraeg), GUmon'a capsule 
(twU'o), Inguinal lands (25 times), IvnddiaUc vwwels (K times). Siinllnr observations were mode by the 
Kditor in Mji. 
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when no such occurrence takes place the defunct filaria becomes cretified. 
This may have tp be differentiated from tropical pyomyositis. (See p. 667.) 

Lymphangitis and elephantoid fever. — Lymphangitis is common 
in all forms of filarial disease, particularly in elephantiasis, varicose 
glands, and lymph scrotum. In the limbs the characteristic painful cord- 
Uke swelling of the lymphatic trunks and associated glands, and the red 
congested streak in the superjacent skin, are usually apparent at the 
commencement of the attack. The attack may continue for several 
days, and be accompanied by severe headache, anorexia, often vomiting 
and sometimes delirium. After a time tension of the inflamed integuments 
may relieve itself by lymphous discharge from the surface. Usually, th( 
attack ends in profuse general diaphoresis. Lymphangitis may be con 
fined to groin glands, testis, spermatic cord (endemic funiculi tis) o 
abdominal lymphatics. WTien it affects an extensive abdominal varix 
symptoms of peritonitis rapidly develop, and may prove fatal. 

Observations by Anderson and others indicate that a streptococcu 
may be the initial cause of lymphangitis, but some regard it as manifests 
tion of a reaction allergic to the toxins of W. bancrofti. Morales- Oter 
and Pomales-Lebrdn showed that streptococci {streptococcus hcemolyticu 
probably -play some part in recurring lymphangitis, for soon after the fin 
attack a high degree of antistreptococcal potency develops in the blood. 

In the Pacific islands a form of filarial fever is commonly met in heavil; 
infected districts, unassociated with lymphangitis ; this probably represen 
inflammation of the deep-seated lumbar lymphatics or glands. 

Diagnosis , — This fever, usually termed “ elephantoid fever,” occurs i 
varying intervals of weeks and months, or years, in nearly all forms 
elephantoid disease. Its tendency to recur, the severe rigor, and tl 
terminal diaphoresis, caused it to be mistaken for malaria. In Barbadc 
where there was until recently no malaria, it is habitually called ” ague 
In Samoa it is known as “ mumu fever ” ; in Fiji as ” wanganga,” 
India, Rao and Sukhatne believed that there exists a periodicity in t 
incidence of lymphangitis, which is greatest during the monsoon peric 
July to September, when humidity is high. 

Treatment, — Treatment should consist in removing any cause of irrif 
tion, in rest, elevation of the affected part, cooling lotions or wai 
fomentations, mild aperients, opium or morphia to relieve pain, and, 
tension is great, pricking or scarifying the swollen area under suital 
aseptic conditions. Subsequently the parts, if their position permi 
should be elevated and firmly bandaged. Following upon the work 
the Editor, Wise and Rose, suggesting that many of the symptoms 
filariasis are of septic origin, Anderson obtained definite amelioration 
his cases in British Guiana and, in some instances, freedom from sympto 
for a considerable period, by the injection of staphylococcal or streptococ 
vaccines. Pons estimated that 40 per cent, of patients treated w 
streptococcal vaccines or with filtrat^ from cultures of these organii 
(which appear to be more efficacious) are benefited to a marked degree 
Sulpbonamides are now being employed. Recently, good results w 
recorded by Earle with proseptasine (sulphanilamide) in 0^5 grm. d( 
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given every four hours. Prontosil has been given with advantage, and 
also sulphathiazole. Should further experience bear out these claims, it 
would greatly strengthen the theory of secondary streptococcal infection. 

Varicose groin -glands (Fig. 160). — Varicose groin-glands are fre- 
quently associated with lymph scrotum, with chylous dropsy of the 
tunica vaginalis, or with chyluria. Occasionally all four conditions 
may co-exist in the same individual. - 

As a rule, the patient is not aware of the existence of varicose glands 
until they have attained considerable dimensions. Then, a sense of 
tension, or an attack of lymphangitis, calls attention to the state of the 
groins, where certain soft swellings are discovered. These swellings may 



Fig. 160.— Varicose groin-glands and chylocele. 


be of insignificant dimensions or they may attain the size of a fist. They 
may involve both, or only one groin ; they may affect the inguinal glands, 
or the femoral glands alone, or (more usually) both sets together. 

Diagnosis. — It is important to be able to diagnose these tumours from 
hernia, for which they are often mistaken. This can be done by observing 
that they are not tympanitic on percussion ; that, though pressure causes 
them to diminish, they do so slowly ; that there is no sudden dispersion 
on taxis, accompanied by gurgling, as in hernia ; that they convey a 
relatively slight or no impulse on coughing ; that they slowly subside 
when the patient lies down, and slowly return, even if pressure be applied 
over the saphenous or inguinal openings, on the erect posture being 
resumed. The cautious use of the hypodermic needle will confirm 
diagnosis, which may reveal inicrofilarieB, or actually filarial eggs, and the 
47 
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diagnosis is further strengthened by the co-existence of lymph scrotum 
chyluria, or chylous hydrocele, and inicrofilariaB in the blood. Chronu 
swellings ahoid tJie groin, cord, testis and scrotum in patients from the tropic^ 
should always be regarded as possibly of filarial origin. 

Treatment, — Unless they give rise to an incapacitating amount o 
discomfort, and are the seat of frequent attacks of lymphangitis, varicos( 
groin-glands are best left alone. Excision is not always satisfactory, a 



Fig. 161. — Pendunculated groin-glands In a FlJIan with double 
varicose hydrocele. 


Theee glands, containing adult S and 9 fllari®, were removed at 
operation. No microfllari® were found in tbe blood. There were 
also masses of enlarged glands in the right groin. 

it may be followed by lymphorrhagia at the seat of the wound, by excess] 
dilatation of some other part of the. implicated lymphatic area, by chylur 
or by elephantiasis of one or both legs. 

Similar varicose dilatation of the axillary glands is sometimes, thou 
much more rarely, found. Bancroft designated varicose axillary a 
groin glands “ helminthoma elastica.” 

Cutaneous and deeper lymphatic varices. — Occasionally cutanei 
lymphatic varices are* seen on the surface of the abdomen, on the le 
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arms, and probably elsewhere. Filarial lymphangiectasis of the spermatic 
cord is not uncommon. The contents may be milky and chylous, or 
straw-coloured and lymphous, according to situation and connections. 

Thickened lymphatic trunks. — After the initial swelling and 
inflammation of lymphangitis have subsided, a line of induration remains. 
On excising this thickened tissue and carefully dissecting it, minute 
cyst-like dilatations of the lymphatic involved were found by Maitland, 
Daniels, and the Editor, and in these cysts adult filariae, sometimes dead. 

Filarial glandular enlargement. — In the Pacific islands great 
enlargement of the lymphatic glands with fibrotic changes is by far the 
most frequent symptom of 
filarial disease. The epitroch- 
lear gland, for instance, is often 
affected — in Fiji in 22 per cent, 
of the population. 

The groin-glands are often 
very much enlarged, sometimes 
to 2 or 3 in. in diameter, and 
may form permanent tumours 
in the groin. On section they 
have the appearance of an yn- 
ripe pear, the central portion 
being fibrotic, the peripheral 
glandular. The deep-seated 
glands — iliac, lumbar, mesen- 
teric, and mediastinal — may 
also be enlarged. On dissec- 
tion, live filarisB or their calcified 
remains may be demonstrated. 

(Fig. 161.) 

Treatment. — Usually it is 
inadvisable to remove these 
glands, seeing that, as with 
varicose groin-glands, incurable 
lymphocele might result. 

Lymph scrotum (Fig. 

162). — In this disease the 
scrotum is more or less enlarged. 

Though usually silky to the 
touch, on inspection the skin 
presents a few or a large number of smaller or larger lymphatic varices 
which, when pricked or when they rupture spontaneously, discharge large 
quantities of milky or sanguineous-looking or straw-coloured, rapidly- 
coagulating lymph or chyle. In some cases 8 or 10 oz. of this substance 
will escape from a puncture in the course of an hour or so ; it may go on 
running for many hours bn end, soiling the clothes and exhausting the 
patient. Usually, microfilariee can be discovered in the lymph so obtained, 
as well as in the blood. In a large proportion of cases of lymph scrotum 
the inguinal and femoral glands, either on one or on both sides, are varicose. 



Fig. 162. — Lymph scrotum and varicosi 
groin-glands. 

{PhoU) : Dr, Rennie,) 



Unless inflammation is frequent, or there is frequent and debili- 
tating l3nnphorrhagia, or unless the disease tends to pass into true elephantiasis, 
lymph scrotum — ^kept scrupulously clean, powdered with boracic acid, suspended, 
and protected — had better be left alone. Should it, however, be deemed expedient 
to remove the diseased tissues, this can be easily done. The scrotum should 
be well dragged down by an assistant while the testes are pushed up out of 
the way of injury. A finger knife is then passed through the scrotum, and 
in sound tissues, just clear of the testes, the mass is excised by cutting backwards 
and forwards. No diseased tissues and hardly any flap should be left. Sufficient 
covering for the testes can be obtained by dragging on and, if necessary, dissecting 
up the skin of the thighs, which readily yields and affords ample covering. It 
is a very common but a very great mistake to remove too little. As a rule, 
the wound, if carefuDy stitched and dressed antiseptically, heals rapidly. 

In consequence of this violent interference with a large varix, of which that 
in the scrotum is but a part, chyluria or elephantiasis of a leg may supervene. 
The patient should be warned of this possibility. 

Chyluria. — When a lymphatic varix ruptures in the wall of the 
bladder, or elsewhere in the urinary tract, in the thoracic duct or in the 
lymphatics of the urinary system, there is an escape of the contents of the 
lymphatics into the urine. Chyluria is the result. If, as often happens, 
it contains blood, the condition is known as haBmatochyluria. 

A curious fact about this form of filarial disease is that in the Pacific 
islands it is practically unknown, though quite common in India, China, 
and North Africa. It frequently appears without warning ; usually, 
however, pain in the back and aching sensations about the pelvis and 
groins — probably caused by great distension of the pre-existing lymphatic 
varix — precede it. Betention of urine, from the presence of chylous or 
lymphous coagula, is sometimes the first indication of serious trouble. 
Whether preceded by aching, or by retention, or by other symptoms, the 
patient becomes suddenly aware that he is passing milky urine. Some- 
times, instead of being white, the urine is pinkish, or even red ; sometimes, 
white in the morning, it is reddish in the evening, or vice versa. Sometimes, 
while chylous at one part of the day, it is perfectly limpid at another. 
Great variety in this respect exists in different cases, and even in the same 
case from time to time, depending on temporary closure of the rupture in 
the lymphatic, and also on the nature of the food.^ Chyluria is very likely 
to occur, either for the first time or as a relapse, in pregnancy or after 
childbirth. 

Physical characters of chylous urine . — If chylous urine be passed into a urine - 
glass and allowed to stand, within a very short time, as a rule, the whole of 
the urine becomes coagulated. Gradually, the coagulum contracts until, at 
the end of some hours, a small, more or less globul^ clot, usually bright red 
or pinkish, is floating about in a milky fluid, the appearance of which is entirely 
due to suspended fat particles. Later, the flxiid separates into three layers. 
On the top there is a cream -like pellicle ; at the bottom, a scanty reddish sedi- 
ment, sometimes including minute red clots ; in the centre the mass of the 
urine forms a thick, intermediate stratum, milky white or reddish white, in which 

» Ttie sanguiueous appearance ho frequently seen in chylous urine and in other forms of (ilarial lymphorr- 
hagia j:)086lbly depends in some iustam'es on the formation of blood-corpuscles in lynjph long retained in 
the varicose vessels, as a result of the normal evolution of the formed elements in that fluid. In other 
instances it is probably caused rupture of small blood-vessels into the dilated lymphatics ; in these 
cases the microfllarisB appear in the urine passed during the night-time only. 
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pipette and examined with the microscope, it is found to contain red blood - 
corpuscles, lymphocytes, granular fatty matter, epithelium and urinary salts, 
and mixed with these in a large proportion of cases, though not in all, microfilaria. 
The middle layer contains much granular fatty matter ; while the upper, cream - 
like layer consists of the same fatty material in greater abundance, the granules 
tending to aggregate into larger oil globules. If a little of the coagulum be 
teased out, pressed between two slides, and examined with the microscope, 
microfilarise, more or less active, may be found entangled in the meshes of the 
fibrin. According to Yorke and Blacklock, the number of microfilarise in chylous 
urine varies greatly within the twenty-four hours in quite an irregular manner. 
If ether or xylol be shaken up with the milky urine, the fat particles are dissolved 
out and the urine becomes clear ; the fat may%be recovered by decanting and 
evaporating the ether, which fioats on the urine. Boiling the urine throws down 
a considerable precipitate of albumin. When the urine contains only lymph, 
fatty elements are absent, or are present in but very small amount. According 
to Young, a twenty-four-hour sample of chylous urine contains r8-2*6 per cent, 
of fat. The amount of this substance excreted is generally, though perhaps 
not invariably, dependent on the amount ingested. 

By cystoscopy the Editor has seen in the bladder the chylous vesicles which 
burst when fully distended, and Romiti showed by this method, as well as by 
ureteric catheterization, that lymphatic obstruction in a limited portion of the 
uripary system suffices to cause chyluria. 

Although chyluria is not directly dangerous to life, yet if it is prolonged, 
it gives rise to pronounced anaemia, with depression of spirits and feelings 
of weakness and debility, and tends to incapacitate the patient for active, 
vigorous life. 

Lymphuria. — It would be more correct to describe a certain proportion 
of filarial cases passing cloudy urine as “ filarial lymphuria/’ as Low and 
Wise suggested. In these cases the abnormal element is lymph, and 
there is no trace of fat. Albumin is found in considerable quantity, and 
blood may be present as well. The chief cellular constituent is the 
lymphocyte. Low; who was able to investigate one of these cases shortly 
after death, found the lymphatic obstruction located in the kidney 
lymphatics, which was due to calcification of dead filarise. 

Treatment. — The treatment of chyluria should be conducted on the 
same lines as that of inaccessible varix elsewhere ; that is to say, by 
resting and elevating the affected part, and thereby diminishing as far as 
possible the hydrostatic pressure in the distended vessels. 

The best results are obtained by putting the patient to bed on an 
inclined plane with feet elevated, by restricting the amount of food and 
fluid, and by gentle purgation and absolute rest. Washing out the 
bladder with some bland substance, such as boric acid, appears to be the 
best form of treatment ; if there is an admixture of blood, styptics may 
be added, as follows : 

B Liq. adrenal. (1 in 1000) . . 5i {2842 c.c.) 

Zinc, sulph. . . . ' . gr.v (0*324 grm.) 

Lot. acid. bor. ad . . . (284*17 c.c.) 

To be used with an equal quantity of hot ^ter. 

Golden and O’Connor found improvement after X-ray treatment to the 
kidney region in seven cases. 
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by passage through a sterile Seitz asbestos filter. The filtrate is put up in dark 
glass ampoules and stored on ice. 

PandiVs reaction is an adhesion phenomenon. When blood containing micro- 
filariae is mixed with blood from a normal person and kept at room temperature 
for an hour or longer, the embryos become sluggish and surrounded by adherent 
Ieuc0c3d.es. 

Filarial elephantiasis. — The anatomical situation of (elephantiasis 
depcuids upon the distribution of the affcdcmt lymphatic v(‘ssels. It must 
not be thought, however, that lymphatic elephantiasis is solely tin* product 
(;f filarial infection. The following classification of (dephantiasis has b(‘en 
suggested by the Editor : 

(a) Congenital or familial cdephantiasis (Milroy’s or ]\h‘ige’s dis(‘as(‘) ; 
stenosis of main lymjihatic trunks. 

{b) Parasitic elejihantiasis : Wucherervi Ixincrojli, TP. nudaiii, or 
Onchocerca rol ruins. 

(c) Septic elejihantiasis {Klephanfuisis nostras — l^mijihatic inf(‘cti()n 
by streptococci). 

(d) Toxic elephantiasis dm* to absorption of irritating toxins, such as 
chrysarohin. 

(e) Obstructive elejihantiasis, due to tuberculous glands, carcino- 
matous growths, syphilis, or yaws, or to surgical removal of 
main lymphatic glands. 

(/) VeiKJUS elephantiasis, s(‘Condary to venous thrombosis, sucb as 
phlegmasia alba dolens, or wliite leg. 

Tesch, Brug and othcTs hav(‘ shown that (dephantiasis is also prodiuaMl 
by Wuchereria malayi. Th(‘ difference betwiMai th(‘ two forms of lymphatic 
obstruction seems to lie in the predil(‘ction of this parasit(‘ for the legs 
ratli,er than for the giuiitalia and scrotum as in Wuchereria baucrofti 
infestation. 

In iiK^st cases the r(‘al origin of the obstruction li(‘S in tlu‘ fibrotic chang(*s 
induced I)}^ the parasite in tin* lymphatic v(*ss(‘ls and glands, l(‘ading to 
elephantiasis. Lymph stasis in hunphatic vt^ssels alone (hu's not produce 
elephantiasis; this has be^on }>roved by ligature of th(‘ lyni})hatic trunk, 
which results in (edema, but not in true (‘b-pliantoid hvp(*rtro])hy. 

And(^rson believ(Hl that the adult filaria* living in the lym])hatic system, 
by the damage they product* in the intima of the vessels, so })rej)an* the 
way that a streptoct^ccal or staphylococcal infection, however mild, is 
able to contain a foothold and that by the chang(*s thus produced the 
lymph-channels become furth(‘r occluded. 

O’Connor demonstrated that in filarial l3unphangitis focal spots can 
be distinguished from which the intiammatory proc( 3 SS comm(*nc(‘S, and that 
this indicatf‘s th(* site of a (hnid filaria : furth(*rmor(*, that an attack of 
lyrnydiangitis ma}^ be cut short by injection of sulj)hars])h(‘namine 
(0*2 grm. dissolved in 2 c.c. of sterile I p»*r cent, novocain). This observ(‘r, 
Avith (loldeii and Auchincloss, fouiid that in filariated subjeids, (*s])(*cially in 
(dephantiasis, calcified filaria) may be demonstrated by X-rays. The 
shadows range from 1 mm. in width to 2-8 mm. in length. This seems to 
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indicaio that tlio inh^ciion may la* quit(^ (^xt(niKiv’(\ Fift(H'ii shadows, or 
^.^roups of sliadows, wcn^ d{d.(‘cted in oiki clephantoid 

Thus can b(» (explained th(‘ ])roduction of (‘kqjhantiasis hy th(^ iilaria, and 
th(^ ahsenco from th(‘ blood of tho embryos of the })arasite which started 
the disease, as they cannot pass the occhuh^d glands. Very likely the parent 
worm, or worms, die at an early stage of the disease, killed by subsequent 
lymphangitis, or some other undetermined cause. 

This anomaly is found in other conditions produced by W. bancrofti. In 
Fiji, for instance, tho Editor observed that 38*2 Y)er cent, of tho cases of elephan- 
tiasis harboured microfilaria', while the microfilaria -rate in glandular enlarge- 
ment, also of filarial origin, was 34‘() per cent. On examining all those with 
clinical manifestations of filarial disease, it was found that 19‘7 per cent, thus 
affecU'd had microfilariae in the blood, but that 44*8 per cent, of those with 
numt'rous microfilariae showed no obvious sign of disease. As in the case of 
ir. it is possible that the non-periodic IF. hancmfii in the Pacific produces 

its own j)eculiar pathological picture. This filaria lives mostly in the lymphatic 
glands and produces phenomena whieh are connected with these structures. 
It has a 8})ecial preference for the epitrochlear glands, and is therefore likely 
to produce (‘lejdiantiasis of the arms. It does not produce either ehyluria or 
lyinphuria as does the |)eriodic IF. bancrofti. 


Symptoms, Diagnosis, and Treatment of Filahial Diseases 

Enumeration of filarial diseases. — The diseases known to be 
produced by or associaU'd witli W. hanrrofti are — abscc'ss : lymjdiangitis ; 
artbrifis : synovitis: abscess of hip-joint ; varicost' groin glands : varicose 
axillary glands : lynq)b scrotum ; ciitaiu'ous and dee]) lymphatic varix ; 
orchitis : funiculitis : hydrocele ; ehyluria : eh'phantiasis of flu* leg, 
scrotum, vulva, arm, mamma, and other ])arts : chylous dropsy of the 
t\mica vaginalis : chylous ascites ; chylous diarrlnea, and probably other 
forms of dis('ase dej)ending on obstruction or varicosity of the lymphatics, 
or on tlu' death or injury of the })arent filaria* in a lymphatic abscess — 
including fatal jaTitonitis and secondary infections by pyogenic micro- 
organisms (filarial abdomen). 

Abscess. — Occasionally, as alnwly mention(*d, wh(*ther in consequence 
of blows or oth(‘r injuru'S, of lymphangitis, or of unknown causes, the 
parent filaria? die. Oenerally the dead body is absorbed, just as a piece 
of ast'ptic catgut would be, or lu'comes cretifi(*d.^ Sometimes the dead 
worm acts as an irritant and causes abscess, in the contents of which 
fragments of tlu* filaria may be found. Such abscesses, occurring in 
th(* limbs or scrotum, will discharge in due course or may be opened ; 
if propt'rly treat(*d surgically, they may lead to no further trouble. Should 
they form in tht* thorax or abdomen, serious consequences and even 
death may ensiu*. 

The starting-point of these abscesses is, possibly, a small haemorrhage 
})roductKl by tla* filaria worm which hecomes st‘C()ndarily infected, but 

* Wisr Htiil Minctt foiimJ lilarm*, or (‘n‘tili<*a, iti the followiii); silu:itioiis : pel\is ()f kidney (31 

tin w), euldidy is (IS tinieH), retntp<*ritoneuin (1-* times), ilio-psoas muwle (t times), Glisson's (Uipsule 
(t\Ni(o), inguinal (.'IuiicIk ('jr> tmu's), lymptiatie va^sels (K times). Similar ohsiTvations \\er»' made tiy the 
editor in 1-iji. 
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when no such occurrence takes place the defunct filaria bi^coines cr(‘tified. 
This may have to he differentiated from tropical pyomyositis. (See p. 667.) 

Lymphangitis and elephantoid fever. — Lymphangitis is common 
in all forms of filarial disease, particularly in elephantiasis, varicose 
glands, and lymph scrotum. In the limbs the characteristic painful cord- 
like swelling of the lymphatic trunks and associated glands, and the red 
congested streak in the superjacent skin, are usually apparent at the 
commencement of the attack. The attack may continue for several 
days, and be accompanied by severe headache, anorexia, often vomiting, 
and sometimes delirium. After a time tension of the inflamed integuments 
may relieve itself by lyniphous discharge from the surface. Lsually, the 
attack ends in profuse general diaphoresis. Lymphangitis may be con- 
fined to groin glands, testis, spermatic cord fendemic funiculitis) or 
abdominal lymphatics. When it affects an extensive abdominal varix, 
symptoms of peritonitis rapidly develop, and may j)rove fatal. 

Observations by Anderson and others indicate that a streptococcus 
may be the initial cause of lymphangitis, but some regard it as manifesta- 
tion of a reaction allergic to the toxins of W, hancrojti. Alorales-Otero 
and Poinales-Lebron showed that streptococci {sfrepfococcus hcHmolyficua) 
probably play some part in recurring lymphangitis, for soon after the first 
attack a high degree of antistreptococcal potency develoj)s in the blood. 

in the Pacific islands a form of filarial fever is commonly met in heavily- 
infected districts, uriassociated with lymphangitis ; this probably represtaits 
inflammation of the deep-seated lumbar lymphatics or glands. 

Diagnosis . — This fever, usually termed “ fdephantoid fever,” occurs at 
varying intervals of weeks and months, or years, in m^arly all forms of 
elephantoid disease. Its tendency to recur, the severe rigor, and tin* 
terminal diaphoresis, caused it to be mistaken for malaria. In Barbados, 
where there was until recently no malaria, it is habitually called ” ague.” 
In Samoa it is known as ” muniu fever ” : in Fiji as “ wanganga.” In 
India, Rao and Sukhatne believed that there exists a periodicity in the 
incidence of lymphangitis, which is greatest during the monsoon period, 
July to September, when humidity is high. 

Treatrtwnt . — Treatment should consist in removing any cause of irrita- 
tion, in rest, elevation of the affected part, cooling lotions or warm 
fomentations, mild aperients, opium or morphia to relieve pain, and, if 
tension is great, pricking or scarifying the swollen area under suitable 
aseptic conditions. Subsequently the parts, if their position permits, 
should be elevated and firmly bandaged. Following upon the work of 
the Editor, Wise and Rose, suggesting that many of the symptoms of 
filariasis are of septic origin, Anderson obtained definite amelioration in 
his cases in British Guiana and, in some instances, freedom from symptoms 
for a considerable period, by the injection of staphylococcal or streptococcal 
vaccines. Pons estimated that 40 per cent, of patients treated with 
streptococcal vaccines or wdth filtrates from cultures of these organisms 
(which appear to be more efficacious) are benefited to a marked degree. 

Sulphonamides are now being (‘inployed. Recently, good results were 
recorded by Earle with proseptasine (sulphanilamide) in 0*5 grm. doses 
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givon (wery four hourn. l^roniosil has l)(*en ^nveii with a(lvantag(% and 
also sulphathiazolo. Should further exjxTic'iice Ixnir out th(^S(^ claims, it 
would greatly strengthen the theory of secondary streptococcal infection. 

Varicose groin -glands (Fig. 160). — Varicose groin-glands are fre- 
quently associated with lymph scrotum, with chylous dropsy of the 
tunica vaginalis, or with chyluria. Occasionally all four conditions 
may co-exist in the same individual. 

As a rule, the patient is not aware of the existence of varicose glands 
until they have attained considerable dimensions. Th^ri, a sense of 
tension, or an attack of lymphangitis, calls attention to the state of the 
groins, where certain soft swellings are discovered. These swellings may 



Fig. 160. — Varicose groin-glands and chylocele. 


he of insignificant dimensions or they may attain tlu‘ size of a fist. They 
may involve both, or only one groin : they may affect the inguinal glands, 
or the femoral glands alone, or (more usually) both sets together. 

Dia(f7wsis.—lt is important to be able to diagnose these tumours from 
ht‘rnia, for which they are often mistaken. This can be done by observing 
that th(^y are not tympanitic on percussion ; that, though ])ressure causes 
them to diminish, they do so slowly : that there is no sudden dispersion 
on taxis, accompani(‘d by gurgling, as in luTiiia ; that they convey a 
relatively slight or no impulse on coughing ; that tlit^ slowly subside 
when tlui patient lies down, and slowly return, even if pressure be applied 
over the saphenous or inguinal openings, on the erect posture being 
resumed. The cautious U8(' of the hypodermic needle will confirm 
diagnosis, which may reveal microtilarise, or actually filarial eggs, and the 
47 
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diafjjnosis is further streii^dh(*iied by the C()-(‘xist(‘ne.e of lymph scrotum, 
chyluria, or chylous hydrocelt% and microfilariae in the blood. Cltrojiiv 
swellirujis about the groin, cord, testis and scrotum in patients from the tropics 
should always be regarded as possibly of filarial origin. 

Treatment . — Unless they give rise to an incapacitating amount of 
discomfort, and are the seat of frequent attacks of lymphangitis, varicose 
groin-glands are best left alone. Excision is not always satisfactory, as 



Fig. 161. — Pendunculated groin-glands in a Fijian with double 
varicose hydrocele. 


These i?lands, contniniiijjr adult and 9 filaria*, were removed at 
operation. No nia rofilarue were found in tlie blo(xl. 'I'iiere were 
ulst) mas8<!S of erdanjfed irlandn in the nfsdit Kroin. 


it may be followed by lymphorrhagia at the seat of tln^ wound, by exct*ssiv(‘ 
dilatation of some other part of the implicat(‘d lymphatic area, by chyluria, 
or by elephantiasis of one or both legs. 

Similar varicose dilatation of the axillary glands is sometimes, though 
much more rarely, found. Bancroft designated varicose axillary and 
groin glands “ helminthoma elastica.” 

Cutaneous and deeper lymphatic varices. — Occasionally cutaneous 
lymphatic varices are’ seen on th(^ surface of tint abdoimai, on the legs, 
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arms, and probably elsewhere. Filarial lymphangiectasis of the spermatic 
cord is not uncommon. The contents may be milky and chylous, or 
straw-coloured and lymphous, according to situation and connections. 

Thickened lymphatic trunks. — After the initial swelling and 
inflammation of lymphangitis have subsided, a line of induration remains. 
On excising this thickened tissue and carefully dissecting it, minute 
cyst-lik(^ dilatations of the lymphatic involved were found by Maitland, 
Daniels, and the Editor, and in these cysts adult filariae, sometimes dead. 

Filarial glandular enlargement. — In th(‘ Pacific islands great 
enlargement of the lymphatic glands with fibrotic changes is by far the 
most frequent symptom of 
filarial disease. The epitroch- 
lear gland, for instance, is often 
affected — in Fiji in 22 percent, 
of th(‘ population. 

Idle groin -glands are oftiui 
very much (mlargi'd, sometimes 
to 2 or 8 in. in diameter, and 
may form piTiiianent tumours 
in the groin. On s(‘ction they 
have tlu^ apjaairance of an un- 
ri})(‘ pear, the central portion 
being fibrotic, th(* peripheral 
glandular. The deep-seated 
glands — iliac, lumbar, mesen- 
teric, and iiKMliastinal— may 
also be enlarged. On dissec- 
tion, live filarial or their calcilied 
rmnains may be demonstrated. 

(FigOGl.) ‘ 

Treaifiieni. — Psually it is 
inadvisable to remove these 
glands, seOng that, as with 
varicose groin-glands, incurable 
lym])hocele might n^sult. 

Lymph scrotum (Fig. 

162). — In this dist‘ase the 
scrotum is more or less enlarged. 

Though usually silky to the 
touch, on inspection the skin 
presents a few or a large number of smaller or larger lymphatic varices 
which, when pricked or when they rupture spontaneously, discharge large 
quantiti(‘s of milky or sanguineous-looking or straw-coloured, rapidly- 
coagulating lymph or chyle. In somt' cases 8 or 10 oz^ of this substance 
will esca])(‘ from a puncl un‘ in th(‘ course of an hour or so ; it may go on 
running for many hours on (‘ml, soiling th(‘ clotlu's and (‘xhausting th(‘ 
})atit‘nt. Usually, microlilarue can be discovenM in the lymph so obtaim^d, 
as well as in the blood. In a large proportion of cases of lymph scrotum 
the inguinal and femoral glands, either on one or on both sides, are varicose. 
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Treatment . — Unless inflammation is frequent, or there is frequent and debili- 
tating lymphorrhagia, or unless the disease tends to pass into true elephantiasis, 
lymph scrotum — kept scrupulously clean, powdered with boracic acid, suspended, 
and protected — had better be left alone. Should it, however, be deemed expedient 
to remove the diseased tissues, this can be easily done. The scrotum should 
be well dragged down by an assistant while the testes are pushed up out of 
the way of injury. A finger knife is then passed through the scrotum, and 
in sound tissues, just clear of the testes, the mass is excised by cutting backwards 
and forwards. No diseased tissues and hardly any flap should be left. Sufficient 
covering for the testes can be obtained by dragging on and, if necessary, dissecting 
up the skin of the thighs, which readily yields and affords ample covering. It 
is a very common but a very great mistake to remove too little. As a rule, 
the wound, if carefully stitched and dressed antiseptically, heals rapidly. 

In consequence of this violent interference with a large varix, of which that 
in the scrotum is but a part, chyluria or elephantiasis of a leg may supervene. 
The patient should be warned of this possibility. 

Chyluria. — WTien a lymphatic varix ruptures in the wall of the 
bladder, or elsewhere in the urinary tract, in the thoracic duct or in the 
lymphatics of the urinary system, there is an escape of the contents of the 
lymphatics into the urine. Chyluria is the result. If, as often happens, 
it contains blood, the condition is known as heBrnatochyliiria. 

A curious fact about this form of filarial disease is that in the Pacific 
islands it is practically unknown, though quite common in India, China, 
and North Africa. It frequently appears without warning : usually, 
however, pain in the back and aching sensations about the pelvis and 
groins — probably caused by great distension of the pr{‘-existing lymphatic 
varix — precede it. Eetention of urine, from tlu' presence of chylous or 
lymphous coagula, is sometimes the first indication of serious trouble. 
Whether preceded by aching, or by retention, or by other symptoms, the 
patient becomes suddenly aware that he is passing milky urine. Some- 
times, instead of being white, the urine is pinkish, or even red ; sometimes, 
white in the morning, it is reddish in the evening, or vice versa. Sometimes, 
while chylous at one part of the day, it is perfectly limpid at another. 
Great variety in this respect exists in different cases, and evfm in the sanu* 
case from time to time, depending on temporary closure of the rupture in 
the lymphatic, and also on the nature of the food.^ Chyluria is very likely 
to occur, either for the first time or as a relapse, in pregnancy or aft(T 
childbirth. 

Physical characters of chylous urine . — If chylous urine be passed into a urine- 
glass and allowed to stand, within a very short time, as a rule, the whole of 
the urine becomes coagulated. Gradually, the coagulum contracts until, at 
the end of some hours, a small, more or less globular clot, usually bright red 
or pinkish, is floating about in a milky fluid, the appearance of which is entirely 
due to suspended fat particles. Later, the fluid separates into three layers. 
On the top there is a cream -like pellicle ; at the bottom, a scanty reddish sedi- 
ment, sometimes including minute red clots ; in the centre the mass of the 
urine forms a thick, int(*rmediate stratum, milky w hite or reddish white, in which 


* Thf' ssnitruinoouh M) frefpjcutly in ch^'IouB urine iirid in otlier forms of lilurial Ivmfdiorr- 

hagi.'i {KWBilily liepends in Mune iuHtiinfeK on Ijie forniiiiion of liIiMid-eorimscles in lymph lonj; retained in 
the varieose vessels, as a result of the normal evolutn>n of the formed elements in that fluid. Jn other 
instance it is probably (’aused by nipture of small blood-vessels into the dilated lymphatics; in tlieH* 
cases the microfilanaE; appear in the urine passed during the night-time only. 
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floats the contracted (;oaguluni. If a little of the sediment be taken up with a 
pi})ette and examined with the rni(;ro8cope, it is found to contain red blood- 
corpuscles, ]ympht>(;ytes, granular fatty matter, epithelium and urinary salts, 
and mixed with these in a large proportion of cases, though not in all, microfilarise. 
The middle layer contains much granular fatty matter ; while the upper, cream - 
like layer consists of the same fatty material in greater abundance, the granules 
tending to aggregate into larger oil globules. If a little of the coagulum be 
teased out, pressed between two slides, and examined with the microscope, 
microfilariae, more or less active, may be found entangled in the meshes of the 
fibrin. According to Yorke and Blacklock, the number of microfilariae in chylous 
urine varies greatly within the twenty -four hours in quite an irregular manner. 
If ether or xylol be shaken up with the milky urine, the fat particles are dissolved 
out and the urine becomes clear ; the fat may, be recovered by decanting and 
evaporating the ether, which floats on the urine. Boiling the urine throws down 
a considerable precipitate of albumin. When the urine contains only lymph, 
fatty elements are absent, or are present in but very small amount. According 
to Young, a twenty-four-hour sample of chylous urine contains l*8-2’6 per cent, 
of fat. The amount of this substance excreted is generally, though perhaps 
not invariably, dependent on the amount ingested. 

By cystoscopy the Editor has seen in the bladder the chylous vesicles which 
burst when fully distended, and Romiti showed by this method, as well as by 
ureteric catheterization, that lymphatic obstruction in a limited portion of the 
uripary system suffices to cause chyluria. 

Although chyluria is not directly dangerous to life, yet if it is prolonged, 
it gives rise to pronounced anaemia, with depression of spirits and feelings 
of weakness and debility, and tends to incapacitate the patient for active, 
vigorous life. 

Lyt)ip]niria . — It would be more correct to describe a certain proportion 
of filarial cases passing cloudy urine as “ filarial lymphuria,” as Low and 
\\is(‘ suggested. In these cases the abnormal element is lymph, and 
th(^r(^ is no trace of fat. Albumin is found in considerable quantity, and 
blood nmy b(‘ ])resent as well. The chief cellular constituent is the 
lymphocyte. Low, who was able to investigate one of these cases shortly 
after death, found the lymphatic obstruction locatt'd in the kidney 
lymphatics, which was due to calcification of dead filariaB. 

Treatmerif. — Tin* treatment of chyluria should be conducted on the 
same lines as that of inaccessible varix elsewhere ; that is to say, by 
resting and elevating the affected part, and thereby diminishing as far as 
possible the hydrostatic pressure in the distended vessels. 

The best results are obtained by putting the patient to bed on an 
inclined plane with feet elevated, by restricting the amount of food and 
fluid, and by gtaitle })urgation and absolute rest. Washing out the 
bladder with some bland substance, such as boric acid, appears to be the 
b(‘st form of treatment ; if there is an admixture of blood, styptics may 
b(‘ added, as follows : 

E lAq. adrenal. (1 in 1000) . . Ji (28*42 c.c.) 

Zinc, sulph. .... gr.v (0*324 grm.) 

Lot. acid. bor. ad . . • 5x (284*17 c.c.) 

To be used with an equal quantity of hot water. 

Golden and O’Connor found improvement after X-ray treatment to the 
kidney region in seven cases. 
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Chylous dropsy of the tunica vaginalis, and of the peritoneum ; 
chylous diarrhoea. — Chylous dropsy of the tunica va.^nnalis is not 
unusual in the tropics. A fluctuating swelling which does not transmit 
light, and which is associated possibly with lymph scrotum, with varicose 
groin-glands, with chyluria, or with micro-filarisB in the blood, would 
suggest this condition. 

Treatment . — These chyloceh^s may be treated as ordinary hydroceles, 
either by aseptic incision or by injection. As a rule, the chylous fluid 
rapidly coagulates when withdrawn, but occasionally it does not, or it 
may be prevented by drawing the fluid off into a solution of potassium 
citrate. 

If a minute portion of absorbent cotton is dipped into the receptacle, 
it will slowly fall to the bottom of the fluid. If the cotton is now picked 
up and placed under a low-power microscope, it will h(‘ found that every 
fibre is beset with multitudes of wriggling microfilariie (‘ntanghnl by th(‘ir 
sheaths, the preparation suggesting the snake-beset (forgon head. 

Filarial orchitis with effusion into the tunica vaginalis, according to 
Maitland, is best treated by incision of th(‘ tunica vaginalis, turning out any 
clot that may be found in the sac, and stuffing the latter with iodoform gauze. 

Chylous dropsy of the peritoneum and chylous diarrluea of filarial 
origin are very rare. 

Filarial orchitis, endemic funiculitis, and hydrocele. — The 

fever attending filarial orchitis — which is usually associated with lym- 
phangitis of the spermatic cord — has been d(‘scril)(‘d as “ endemic funicu- 
litis,” but it is undoubtedly of filarial origin. It may be att(*nd(‘d with 
inflammation of the scrotum, and, like ordinary (*lephantoid fever, rc'semble 
very closely a malarial attack. In these cases the Editt)r originally d<*mon- 
strated large numbers of microfilariie in the tunica vaginalis at the com- 
mencement of each attack. The aspirated fluid is cloudy, contains a 
number of polymorphonuclear cells, and occasionally erythrocytes, with 
microti lari®. The epididymis is enlarged and nodular. In sections, d(‘ad 
and calcified filariie blocking the vasa etfereiitia cause extensive fibrotic 
changes, and it is possibb* that sterility may be a direct result of this 
infestation. 

The primary lesion is a sterile inflammatory reaction about a dead worm in 
a lymphatic vessel. With the vessel occluded, an obliterative lymphangitis 
results, which in turn causes dilatation, hypertrophy and varicosity with peri- 
pheral lymph stasis. The lymphatics of the testis are specially vulnerable to 
such lesions es they are long, without collaterals, and drain against gravity. 
Lymph stasis in the testicle is shown by definite clinical signs in the cord, 
epididymis and testis. 

Recurrent attacks of filarial orchitis lead sooiut or lat(‘r to hydrocele. 
This condition very commonly acc()m})anies elephantiasis of tln^ scrotum, 
(‘Specially among P(dynesians. The walls of the sac an‘ thick(‘n(*d and 
(iontain calcified remains of adult filari® ; th(* hydrocele^ fluid is cbnir, 
straw-coloured, and usually contains microfilari®, though it does not s(‘em 
to be a medium particularly favourable to them. Filarial infiltrations of 
the cords vary in size, form, and number. Ther(‘ may b(^ one single nodule 
as small as a pem, (jr a number may be strung to thickened lynjphatic 
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vessels. Sometimes lymphatic obstruction affects the vessels so as to 
cause lymphangiectasis and lymphatic varicoceles ; it may, however, cause 
cystic dilatation, or “ lymphocele.” The spermatic veins are often the 
seat of chronic thrombo-phlebitis. 

Treatment . — The living membranes of the sac can he obliterated by 
injection or open operation. Injection treatment is suitable for the 
small, flaccid, thin-walled sacs, but operation is bettc^r for the others. 

These conditions can best be treated by surgical means, though Earle 
claims that sulphapyridine in doses of 4 grm. daily cuts short attacks 
of orchitis and funiculitis. 

Differential diagnosis has to be made from encysted hydrocele, lipoma, 
spermatocele, vaginal hydrocele, syphilitic orchitis, gonorrhoeal epididy- 
mitis, strangulated hernia, and suppuration of the spermatic cord. 

Se/pticceniia . — Fatal septicaemia due to Htreptococcus hceniolyticus is 
not infrequent in subjects infected with W. hancrofti. Apparently the 
parent worm in thi* lymphatic system damages the lining of the vessels, 
and thus prepares the ground for pyogenic organisms which invade the 
lyniph-streani. In damaged lymphatic tissue streptococci find a favourable 
medium, and entt'r thc blood-stream, and septicaemia results. 

Filarial synovitis. — Acute synovitis of the knee-joint is one of the 
filarial dis(‘ast^s, and its concurnaice with filarial invasion is too common 
to be accid(‘ntal ; fibrotic ankylosis ofttai results. Where the hip-joint is 
afftH*t(Hi, nanoval of the niflamed iliac glands draining th(' area sometimes 
ndievt's the condition. 

In sev('r(* cas(‘s synovitis may proceed to pus-formation, often with a 
fatal r(‘sull. Surgical intervention is therefore indicated. 

Elephantiasis 

In certain districts in Cochin about 5 per cent, of the population, in 
Samoa about (‘very second individual, and in Huahine stwen-tenths of 
th(' adult nial(‘ population, are affected by this disease. In the Ellice 
Islands, out of a total population of 3,434, 90 per cent, are affected. In 
many other tro})ical and subtro})ical countries elephantiasis, if not so 
common as in thosf* mentioned, is, nevertheless, very prevalent. 

The pathology of the dis(‘ase is considered on p. 715. 

Parts affected. — In 95 ptr cent, of the cases the lower extremities — 
(‘ither on(‘ or both — alone, or in combination with the scrotum or arms, 
ar(‘ th(‘ s(‘at of the disease. The foot and ankk^ only, or the* foot and leg, 
or th(‘ foot, k^g, and thigh may (*ach or all be involved. The arms ar(» 
more randy at ta-ckiMl, though in Fiji this is comparatively common ; out 
of 47 cases thv arms alone were affected in 10, arms and legs in 6 cases. 
Still more randy involvcnl are the mammae, vulva and circumscribed por- 
tions of tb(* int(‘gum(‘nts of th(‘ limbs or trunk. 

In any of tb(‘st‘ situations, the* dis(‘as(‘ commt‘nc('s with a rapidly cwolved 
lymphangitis, (krmatitis and cadlulitis, accompank'd by (dephantoid 
f(‘V(r. O'C’onnor demonstrated that the attacks arise from painful areas 
kiKjwn as “ focal s])ots,” and in a large proportion of case's it has heen 
possible to demonstniti* d(‘ad and calcifying filarke by X-ray examination. 
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The lymphatic glands draining the affected area are generally enlarged. 

There is no distinct line of demarcation between healthy and diseased 
skin. The implicated integuments are hard, dense, pit but slightly, if 
at all, on pressure, and cannot be pinched up or freely glided over the 
deeper parts. 

On cutting into the swelling, the derma is found to be dense, fibrous 
and enormously hypertropied. The sulijacent connective tissue is 
increased in bulk, having, especially in the scrotum, a yellowish, blubbery 
appearance from lymphous infiltration. A large quantity of fluid wells 
out on division of such tissues. 

Elephantiasis of the legs. (Fig. 163). — Elephantiasis of the lower 
extremities is usually, though by no means always, confined to below 

the knee. The swelling may 
attain enormous dimensions and 
involve the entire extremity, the 
leg or legs attaining a circum- 
ference. in aggravated cases, of 
several feet. 

Treatment . — Golden and 
O’Gonnor (1934) reported on irradi- 
ation by X-rays of lymphangitis 
and adenitis. At first, merely focal 
spots were so treated, but later the 
entire leg. Out of fifteen cases four 
had no further attacks. The patient 
should be encouraged to persevere 
with elastic bandaging, massage, 
and elevation of the limb. Swellings 
in the early stages may to some 
extent be controlled by elastic 
bandages or stockings. The latter, 
which should be made to fit the 
legs accurately, should be of some 
porous elastic and washable 
material, such as stockinette. Such 
a stocking (Fig. 164a) should 
embrace the dorsum of the foot 
and should accurately fit the leg 
to reach above the knee. Difficulty 
is generally experienced with the 
upper margin, which extends to the thigh, as it is apt to constrict or nip 
the limb at this point. To obviate the pressure and di8comfor.t of tight- 
fitting stockings, and to accommodate the fluctuations in the size of 
the limb which' necessarily take place, these stockings may be made to 
lace up at the sides (Fig. 164b). A spiral elastic stocking, made by Down 
Bros, on Dickson Wright’s model, which can be accurately fitted to the 
leg and which is comfortable, airy and effective, can be recommended. 
The technique varies according to whether the leg is cylindrical, 
oedematous or lobulated. in the (edematous form bandaging methcKis 
should be employed. Knott is an advocat(! of prolonged and firm 
bandaging, which effects a gradual removal of the lym])hoDdema, during which 



163. — Elephantiasis of legs ; scrotur 
and right arm also affected. {Photograph 
Dr, Turner^ Samoa.) 
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time the patient obtains symptomatic relief and avoids further recurrent attacks 
of lymphangitis ; the bandages should not be removed when an attack of lymph- 
angitis is imminent, but the foot of the bed should be elevated. A “ bandage 
boot ” is used, consisting of a 6-inch bandage of heavy Turkish towelling, which 
covers the limb from behind the heads of the metatarsals to the heads of the 
tibia and fibula, cemented to a covering crepe bandage by dextrin-syrup applied 
along the tibia, the whole being supported by narrow lateral strips. 

Operative measuresr — Sometimes in advanced cases good results follow excision 
of redundant masses of skin. A curved incision should be made from the head 
of the tibia to the ankle joint ; two further incisions at upper and lower ends 
make a Y shaped cut. The skin is separated on both sides laterally as far as 
possible. The elephantoid tissues thus exposed are now incised along the whole 
margin as far as the periosteum and a similar incision is made parallel to this 
down to the muscle fascia. This separation is repeated in ring-like strips down 
the leg until none of the proliferated tissue remains except part of it behind 
the calf. 



Fig. 164. — A, Plain web-elastic stocking, with foot-piece, for slight 
degrees of elephantiasis of leg. B, Laced form of clastic stocking, 
with suspenders, adjustable so as to avoid pinching. (A, James 
Woolley ct? Sons, Manchester ; By Hospitals <k General Contract Co.) 

Junge's methods are as follows : — To restore the flow' of lymph, about twenty- 
five windows are cut in the muscle fasciae over the whole of the leg, each bigger 
than a postage stamp, but none is cut over the tibia. Into each of these windows 
a double silk thread is inserted by passing the needle deep through the muscle. 
The hanging ends are arranged like candle-wicks to suck out lymph over the 
widest possible area of the leg. The skin flaps are then replaced. 

Various other o|x*rative measures have been proposed, though none is entirely 
satisfacAory. ImutCs operation aims at deep lymphatic drainage. A longi- 
tudinal incision is made through the fascia lata dow n to the femur, the periosteum 
of which is stripped and the bone trephined in several places ; strips of fascia 
are then inserted into the openings thus made. 

Kondoleon's operation consists also in free incision of the fascia lata and 
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removal of large sections of the aponeurosis, which assists in the anastomosis 
of lymph channels and veins. 

AiLchincloss' s operation is intended to lighten elephantoid legs, and also to 
remove those tender focal spots whence the inflammatory lesions of filarial 
fever arise and to excise calcified worms. It consists of two incisions marking 
out a vertical strip of skin. From its ends V-shaped incisions are made diverging 
upwards at the upper end and downwards at the lower. An almost dangerously 
wide amount of skin is undermined, with considerable care, just deep to the 
corium. 

Medical treatment , — Bowesman has advocated a method of treatment of filaria^ 
elephantiasis by intra-arterial injection of glycerine. This depends upon the 
inherent attraction of glycerine for water so that, when placed in contact ^\ith 
living tissues, it causes a movement of the fluid from the tissue spaces towards 
the vessels or the region in which the glycerine is placed. Injections of 10 per 
cent, sterile glycerine in water are given at intervals jiot less than one week apart, 

into the femoral artery, the optimum dose being 2-3 
c.e. of a 10 per cent, solution. In making the 
injection the needle is introdu(!ed into the artery 
and then the syringe containing the solution is 
attached. No pain or discomfort is noticed if the 
injection is made slowly.* The effect of intravenous 
medication is not so marked as intra-arterial. The 
decrease in size of the limb appears to be fairly 
permanent. 

Elephantiasis of the scrotum. — Elephan- 
tiasis of the scrotum or “scrotal tumour” as it 
is sometimes called, may attain an (ujormous 
size : 10, 15, 20 lb. are common w'eights for 
these tumours, and 40 or 50 11). is by no means 
uncommon. The largest recorded was 224 lb. 

Anatomical characters . — These tumours consist 
of two portions (Fig. 165) : first, a dense rind of 
hypertrophied skin (A, c), thickest towards the 
lower part and gradually thinning out as it merges 
above into the sound skin of the pubes, perineum 
and thighs ; secondly, enclosed in this rind, a mass 
of lax, blubbery, dropsical, areolar tissue in 
which testes, cords and penis are embedded. Th(^ 
shajKJ of the tumour is more or less pyriform. The upper part, or neck, on 
transverse section (B) is triangular, the base (B, k) of the triangle being in front, 
the apex (B, j ) — usually somew'hat bifid from dragging on the gluteal folds — 
tow^ards the anus, the sides (B, h) towards the thighs. In the latter situation 
the skin, though usually more or less diseased, is, from pressure, softer and 
thinner than elsewhere, tempting the surgeon to utilize it for the formation of 
flaps — not always a wise proceeding. The penis (A, a, B, /) always lies in the 
upper and fore part of the neck of the mass ; it is firmly attached to the pubes 
by the suspensory ligament. The sheath of the penis is sometimes especially 
hypertrophied, in some cases standing out as a sort of twisted ram ’s-hoin -like 
projection on the anterior surface of the tumour ; this, however, is unusual. 
Generally the sheath of the penis is incor|K)rated in the scrotal mass, the prepuce 
being dragged on and inverted so as to form a long channel leading to the glans 
penis and optming (A, 1) half-way down, or even lower, on the face of the tumour. 
The testes (A, r), buried in the central blubbery tissue, usually lie towards the 



Fig. 165. — Diagram of 
anatomy of elephan- 
tiasis of scrotum. (For 
references, see text.) 
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back of the tumour, one on each side — in large tumours generally nearer the 
lower than the upper part. 'I'hey are more or less firmly attached to the under- 
part of the scrotum by the hypertrophied remains of the gubernaculum testis 
(A, d ) — a feature to be specially borne in mind by the surgeon. As a rule, both 
testes carry large hydroceles with thickened tunicae vaginales. The spermatic 
cords also (A, 6 ; B, gr) are thickened and greatly elongated. 

The arteries which supply these enormous growths are of considerable size ; 
the veins, too, are very large and, as they permit regurgitation of blood from 
the trunk, are apt to bleed freely. 

Treatment before operation . — If the tumour is of considerable size the patient 
should keep his bed for at least a week before operation, the mass being suspended 
so as to drain it of fluid and blood. It is thus rendered lax, and the operator 
can ascertain by palpation the position of the testes and of any hernia — a not 
very unusual complication. The possibility of undescended testes should not 
be overlooked. The choice of anaesthetic is important : it should be spinal 
when possible, reinforced with gas and oxygen. The patient should not be 
kept long in bed before the operation, for when the mass is supported, the fluid 
drains upwards and invades the tissues to be used for flaps, and the palpable 
edge of the elephantoid skin is obscured. 

Operation . — The patient should be placed in the lithotomy position. The 
scrotum should be drawn down as far as possible and elastic webbing apphed 
over the mass so as to expel the blood ; a stout rubber cord is wound round the 
neck of the tumour, over the pelvis, and firmly secured. A vertical incision 
is made, commencing in the middle of the symphysis pubis and extending as 
far as the aperture leading to the penis. The penis is exposed, sc^parated and 
the penal artery ligatured. It should be borne in mind that the prepuce and 
skin of the sheath of the penis have been pulled down over the glans, and form 
a skin -lined tube from the* gland to an opening on the front of the tumour, and, 
while the skin of the prepuce and the sheath and even the frajnum may be 
elephantoid, the skin of the glans is normal. At this point, a sound is passed, 
and left in to prevent subsequent injury to the urethra. The vertical incision 
is nou' continued round the scrotum right round to the back of the jierineum, 
and the scrotum is thus divided into two halves. The testicles and cords are 
now separated from the blubbery mass, the hypertrophied gubernacula being 
divided, surrounded with gauze and placed on one side. At the base of each 
half of the scrotum clamps are fixe^d, care being taken that these clamps are 
well to the proximal side of all diseased tissue. Each half of the scrotum is 
then cut away, distal to the clamps, and through healthy tissue. Every visible 
blood-vessel is secured and tied and the clamps very gradually loosened. The 
skin in the upper and inner aspects of the thigh is undermined as much as 
necessary and brought together over the testicles. Thiei-sch skin-grafts may 
be apjilied to the penis, and give good cosmetic and functional results, and, if 
done at the time of the operation, will take in 1(X) per cent, of cases. It is a 
good procedure to tie in a catheter until healing has taken place. 

Complications which may ensue are severe haemorrhage, and injury to spermatic 
cords, urethra or rectum. Postoperative retention of urine is often very trouble- 
some. Stricture of the urethra and the supervention of elephantiasis of a 
previously unaffected leg have also been recorded. 

The mortality from these formidable-looking operations, if they are carefully 
done, is small, and need not exceed 5 per cent. 

Knott insisted that the most important factor is the position of the patient 
on the operating table. If the patient is placed on a horizontal table with his 
legs over the sides supported by chairs, the mass can be rolled to the opposite 
side, and this does away with the need for a rubber tourniquet. 
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Early cases of elephantiasis of the scrotum, still subject to attacks of fever 
with lymphangitis and cellulitis which involves the skin of the penis and scrotum, 
require to be handled in a different manner. In these cases enough skin should 
be saved to cover the testes, and the more skin taken, the less likelihood there 
is of a recurrence. Modern surgeons are concerned with restoration of the 
penis. Some take skin from the mons veneris to cover it, others from the sides 
of the scrotum, but this is often diseased. The scrotal suture should be as far 
as possible from the anus. The suture takes the form of a double cross, and a 
glass or rubber drain is inserted. 

Elephantiasis of the arms. — This is comparatively rare. Allowing 
for the gravitation differences between the upper and lower extremities, 



Fig. 166. — Elephantiasis of right arm and hand in a Fijian. 


the symptoms and pathology of elephantiasis of th(^ arms ar(^ the same 
as those of elephantiasis of the legs, lieyond the judicious employimuit 
of massage and elastic bandaging, little can be done in tn^atment. (Fig. 
166.) 

Elephantiasis of the vulva and mammae. — Elephantiasis of the 
vulva (Fig. 167) and mamm® (Fig. 168) is still rarer. Where growth 
has become inconveniently large, the diseased tissues should be removed. 
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Instances are on record in which the integuments of the mammae have 
become so thickened, heavy, and elongated that the organ has descended 
to the pubes, and even to the knees. One such tumour weighed 21 lb. 
after removal. Tumours of the labia or of the clitoris, similarly, may 
attain a great size — 8 or 10 lb., or even more. 



Fig. 167.— Elephantiasis of vulva. Fig. 168.— Elephantiasis of mammae ; 
{Photojraph : Dr. Walter H. B. left leg and foot also affected. 

Macdonald.) {Photograph : Dr. Davies, Samoa.) 


Elephantiasis of limited skin areas.— Corney stat(‘d that pedun- 
culated elephantoid tumours, springing from the groin or from the anterior 
surface of th(‘ thigh, wiTe not. uncommon in Fiji. ()iu‘ such tumour 
which he removed weighed 20 lb. Daniels saw, both in Fiji and in 
Demerara, several cases of this description. 
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Filariasis and elephantiasis due to Wuchereria malayi. — It is 

claimed that the disease produced by this species differs in some respects 
from that produced by Wuchereria hnncroffi, a fact that was recognized by 
Poynton and Hodgkin. W. rualayi is endemic in Malaya, Southern India 
and Ceylon, in the low-lying riverine areas, where the rivers run into the 
sea. The microfilaria-rate in the natives living in the vicinity of swamps 
is 9*8 per cent., which is about the same as the elephantiasis rate ; as with 
W. hancroftiy {he liability to infection increases with age. 

Adenitis is the earliest detectable lesion ; inflammation of the groin - 
glands is frequently seen in children. Lymphangitis is also a familiar 
phenomenon and has a definite periodic character which is regarded 
(possibly correctly) as negativing its streptococcal origin. Elephantiasis 
due to Wuchereria malayi is low-grade, invariably confined to the legs, 
and is usually unilateral. There appears to be great variability in the 
rate at which elephantoid lesions are produced. In highly infected 
areas it is seen in comparatively young people, especially in males, though 
it is typically a disease of adult life. Microfilariae are, as a rule, found 
only in 5 per cent, of cases. 

Medicinal treatment of filariasis. — At present, there is no specific 
drug for W. bancrojii. 

Antimony compounds, especially anthiomaliiia (p. 825). when injected intra- 
venously, diminish the number of circulating microfilariic, but have apj)arciitly 
no effect upon the parent worms. Kingsbury claimed that, when injected into 
enlarged inguinal glands, anthiomaline is effective in reducing the size and 
stopping inflammatory attacks, and that it may also arrest the development of 
elephantiasis. 

Prophylaxis of filarial disease. — The prevention of filarial disease 
resolves itself into anti-mosquito measures and protection from mosquito- 
bite. Unprotected wells, tanks or stagnant pools must not be permitted 
in the neighbourhood of dwelling-houses. All vessels used for storing 
water should be emptied at least once a week. The mosquito-m^t is 
indispensible in filarial as well as in malarial countries. In the Pacific 
Islands, especially in the Gilbert and Ellice group, considerable reduction 
of filarial incidence has taken place following O’Connor’s recommendation 
to cut down the thick undergrowth, thus giving passage to the Trade 
Winds which blow away the mosquitoes (Aedes varieyaius^). Burning 
empty coconut shells and filling up holes and cavities in the trunks of the 
coconut trees has been beneficial, as it destroys breeding places. 

Sweet and Pillai conducted a successful campaign against the inter- 
mediary mosquito of Wuelwreria malayi — Mansonioides annuliferay and 
the water lettuce Pi$jtia stratioteSy to which the larvee become attached ; 
they succeeded in clearing this plant from North Tra van core, with the 
consequent (‘limination of filariasis from that area. Th(‘ species of Man- 
sonioides which act as vendors in Malaya flourish in association with the 
roots of swamp trees. The methods adopted in Travancore, therefore, 
cannot be applied to Malaya. {See p. 972.) 


* Also known as A. smtellans. 
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Th(^ subjects of filariasis sliould l)e rep^arded as dangers to themselves 
and to th(^ community, and be conipc^lhd to slet^p under mosquito-nets. 

II. FILAEIASIS DUE TO LOA LOA 

History and geographical distribution .—The embryonic form 
(microfilaria diurna), which closely resembles microfilaria bancrofti, was 
described by Marison in 1891 ; the patient from whom the specimen of 
blood was derived had formerly had an adult Loa loa in his eye. Later, 
association was established between L. loa and the disease known as 
Calabar swellings, and also between that disease and microfilaria diurna. 

Loa loa is widely distributed in West Africa from Sierra Leone to 
Benguella, and is especially common in the Cameroons and on the Ogowe 
River ; its distribution is, however, mainly confined to the coastal plains, 
and follows the course of the Congo and its tributaries to a point about 
1,500 miles from its mouth (Map VI). This parasite is also found in 
the Southern Sudan between the ,Bahr el Ghazal and the Belgian Congo 
between latitudes 4"" and 6° N. and longitudes *27° and 31° E. 

/Etiology.— A description of the adult Loa loa is given in the Appendix, 
p. 933. Here it sutfices to say that it is 30 mm. or more in length, the female 
being, as a rule, considerably longer than her 
partner (Fig. 169.). The cuticle is embossed with 
numerous characteristic protuberances. 

Structure of the embryonic form. — Microfilaria 
loa (-- diurna) is very similar in size (298 g by 
7-5 g) and structure to microfilaria bancrofti. 

Like the latter, it is enclosed within a “ sheath,” 
its tail is pointed, and it has the same V-and 
tailspots. (Fig. 146, 2, p. 704.) 

The periodicity is the exact reverse of that of 
microfilaria bancrofti, for the embryos appear in 
large numbers in the peripheral blood during the daytime and disappear at 
night. The periodicity is, in fact, diurnal (Chart 29). 
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Chart 29. — Diurnal periodicity of microfilaria loa (ml. diurna). 

Tlio iiumborH in the first coluiim arc thost* of the microfilaria* per U* c.mm. of bfood. 



Fij?. 169. — Loa ton 
Nat. size. 


The respective periodicities are very characteristic — more so, apparently, 
in microfilaria loa than in microfilaria bancrofti ; for, whereas by inverting the 
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sleeping habits of a subject of bancrofti infection it is easy to invert or disturb 
the periodicity of the microfilariae, this lias not been done so easily with micro- 
filaria loa, although sevej-al experiments have been made. It does, however, 
take place gradual^, as for instance when the patient travels round the world. 
(Kiilz, 1914). In Americans who have been infected in West Africa, the micro- 
filariae maintain their periodicity on their return home. A series of important 
observations on the mechanism of periodicity were made by Gonnert, who 
was transfused with blood from a patient heavily infected with L. loa and M. 
persUinSy whose blood contained 1,640,000 of the former and 112,000 of the 
latter per 160 c.c. Subsequently, microfilariae loa were demonstrated in the 
recipient’s blood and maintained a strict diurnal periodicity for three days. 
Most of the microfilariae j>erstans disappeared from the blood within the first 
few days, but some persisted for at least three years. Somewhat similar results 
were obtained with microfilaria bancrofti by Knott and Hawking. 

Life-history. — In early editions of this work Manson called attention to the 
mangrove fly, Chrysops dimidiata (Fig. 371, p. 978), as a possible intermediary, 
on account of its diurnal and blood-sucking habits and local distribution. This 
conjecture Leiper, and later Kleine and Connal, have ascertained to be well- 
founded. Development takes place in the thoracic muscles and fat-body of 
C. dimidiaia and C, silacea, and in the Southern Sudan probably in C. 
distinctipennis. 

After the larva has entered the human body, development seems to be very 
slow, and probably full maturity is not attained until after several years. In 
many cases the parasite does not show itself until three, four, or four and a half 
years after the patient has left the endemic area. In one case it was extracted 
from the eye thirteen years after the patient had left Africa ; in another, the 
worm or worms appeared at irregular intervals during fifteen years, and the 
Editor has records of finding live microfilariae in the blood for a period of seventeen 
years. Manifestly it is long-lived. An interesting and suggestive eddence of 
skiw development is that, while the immature active worm is often seen in 
children, the embryonic form in the blood is found as a rule only in adults, it 
may be as long as seven years from the time of the original infection. 

^his slow development of L. loa seems to account for the very frequent failure 
to find the microfilariae in the blood in cases from which mature parasites have 
been extracted, a circumstance which has been brought forward as an argument 
against the theory that the diurnal microfilaria is really the offspring of L. loa. 

As yet it is impossible to estimate accurately the number of adult worms 
present in any given infection, although in advanced cases some idea might be 
obtained from the number of microfilariae in the peripheral blood. As a rule, 
it is safe to conclude that the particular loa that may show itself about the eye 
or elsewhere is only one of many. Thus, in 1903, Brumpt, at the autopsy of 
a negro whose blood contained microfilariae, found in the tissues of the heart 
five adult worms. Four of these were cretified, but the fifth was alive and 
contained embryos similar to those in the blood. 

Pathology. — L. loa, during the period of its growth and development 
in man, makes frequent excursions through the subdermal connective 
tissues. It has been noticed very often beneath the skin of the fingers, 
and it has been excised from under the skin of the back, from above the 
sternum, from the left brt^ast, the lingual frtenum, the loose skin of the 
penis, the eyelids, the conjunctiva, the anterior chamber of the eye, and 
also the scalp. The parts most frequently mentioned an^ the eyes, and, 
although the worm may attract more attention in this situation, it does 
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S('eni as though it had a decided predilection for the eye and its neighbour- 
hood (Fig. 170). A patient of Manson’s onc(^ stated that the average 
rate at which a loa travtdh^d was about an inch in two minutes. Both 
he and otluTS have observed that warmth, such as sitting before a fire, 
seems to attract them to the surface of the body. Chesterman on the 
Congo reported finding live adult worms in 10 per cent, of all cases operated 
upon for hernia and elephantiasis. Cretified worms, too, are frequently 
encountered. Whether alive or dead, this parasite evokes a high eosinophil 
response, and an increase to 30, 40, and even higher percentages, is common 
in Europeans who have resided in the endemic districts in Southern 
Nigeria, the Congo and Cameroons., 

Symptoms. — As a rule, the migrations of the parasite give rise to no 



serious inconvenit‘nce, but they may 
cause prickings, itching, creeping 
sensations and, occasionally, transient 
cedematous swellings (Calabar swel- 

lings) in various parts of the body. iri._Calabar swelling of right 

vMien the parasite appears under eye. 

the conjunctiva it may cause a con- 
siderable amount of irritation and congestion ; there may even be actual 
j)ain, associated with swelling and inability to use the eye and, perhaps, 
tumefaction of the eyelids (Fig. 171). Should a loa wander into the rima 
glottidis, or the urethra, the consequences might be serious, and great 
pain is sometimes caused. Occasionally, too, as Chesterman recorded, 
the death of the parent worm may cause a localized abscess in the groin 
or axilla. 


Calabar Swellings 


Under this name Thompstone originally described certain fugitive 
swellings which are frequent in natives and Europeans alike in parts 
of tropical West Africa. The swellings are about the size of half a goose 
egg, painless, though somewhat hot, both objectively and subjectively, 
not pitting on pressure, and usually disappearing in about three days. 
1’hey come suddenly and disappear gradually, and occur in any part 
of the body. One swelling occurs at a time, but recurs at irregular intervals 

48 
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and, perhaps, for many years after the patient has returned to Europe. 
In, SOUK' instances the swidlings seem to be diu^ to rulibing provoked by 
tht‘ irritation accompanying the prosencci of a loa just under tlu^ skin ; 
in other instances they develop spontaneously. In the hand or forearm 
they may give rise to a sensation of powerlessness and soreness, as if 
the part had received a blow. They never suppurate. (Eig. 172.) 

Although in a large proportion of cases L. loa embryos cannot be found, 
in a number of others either the parent worm has shown itself in the 
eye or its microfilariae have been detected in the blood. This discovery, 
together with the geographical endemicity of these swellings and their 
clinical characters, makes it practically certain that they are produccKi 
by L. loa, Manson believed that the swellings might be caused by th(^ 
emission of her larvae by a parent loa into the connective tissue, but it 
was proved by Eiilleborn that they represent an allergic reaction on the 
part of the tissues in response to filarial toxins. 


Fig. 172. — Calabar swelling on dorsum of hand in a European lady from 

the Congo. 

The recurrence of Calabar swellings on the arm or leg aj)})ears to give 
rise to induration of the fascia and connective tissue round the tendon- 
sheaths. In two cases the Editor observed permanent circular cyst-like 
swellings which may cause pain on muscular movenifuit. Apparently, 
they are attached to the tendon-sheaths and muscular apontairoses. 
Solid cedema of one leg persisting for six weeks has boon observed in a 
European from West Africa who had been infected for a number of years ; 
hydroceles also have been recorded (Eig. 173.) 

Urticaria and derjuatitis of a particularly irritating form are sometimes 
found in filaria cases. The dermatitis is analogous t() that found in oncho- 
cerciasis. As in infection with W, hancrojti^ multiple intramuscular 
abscesses, due to secondary infection by staphylococci or streptococci, 
and even purulent infections of the hip-joint may sometimes be found 
in association with Ijoa loa. 
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Diagnosis. — The rnicrofilariee can be demonstrated in the blood, or the 
high eosinophilia (30-60 per cent.) suggests this parasite. Confirmatory 
evidence can be obtainc^d by the intradermal or complement-fixation tests 
(p. 717). An antigen prepared from the filarioe of the South American 
ostrich [Contorfosjnculuni rlwAv) 
gives good results. These reactions 
are generally more marked and 
rc^liable than in W. hancrofti in- 
fections ; it must be emphasized 
that a diagnosis of L. loa has often 
to be made when no microfilariae 
are present, for they may not 
appear in the peripheral blood for 
several years after the original 
infection. 

Treatment. — Calabar swel- 
lings are notoriously difficult to 
treat (dTectiv(‘ly. The irritation 
can best be allayed by (‘vaporating 
l(‘ad lotion, or by lielwhroin (dibro- 
motamiate of ur(‘a) in alcohol. 
h'airl(‘y employ(‘d a desensitiza- 
tion method with increasing 
strengths of Dlrofdaria antigen, 
from 0-5 c.c. of the extract in 
normal saline, gradually increas- 
ing to 5 c.c. or more, and he had pjg 173 — Hydrocele and solid oedetna of 

some su(*C(^ss. 1)(‘ Choisy and right leg in L. loa infection from West 

others ass(‘rted that this inh'ction Africa, 

may to some extent be coiitrolk'd 

l)y inj(*ctions of tartar (umdic : and that in some cases Calabar swellings 
can be treat (al by intravenous anthiomalim^ injections (*very other day (3 
c.c. of a 6 p(‘r cent, solution). 

ITI. HU^IAX OXCHOCERCIASIS 

History and geographical distribution. — Oncliocemi volruhis was 
originally discovered by a (lerman medical missionary in negroes of the 
(iold Coast. Tlu* contained parasite was named Filaria I'olrulus by 
Lcaickart in 1893. Blanchard, in 1899, demonstrated the parasite lying 
ill a lymphatic space in a tumour. It occurs sporadically throughout 
the whole of the Congo basin, but espiaually on the Oelle, Kibali and 
Itimiuri rivers. It has been obstTved in Nigeria (Best and Parsons), in 
th(‘ Camerooms, (Fiilleborn), in Senegal and Fnmch (luinea (Clapier), 
in Cgaiida (Cook), in Togo, Dahoimw and Ivory ()oast, in Kenya (Kaka- 
nu'ga and SoutluTii Kavirondo), in Tanganyika, in Nyasaland, and in 
the Southern Sudan (Bahr-el-Ghazal, — Bryant) (Map VI). 

In 1915 Robles de.scribed 0. volvulus as being common in (Tiiatemala. 
Cald6ron (1920) defined the endemic zones as being in the departments 
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of Sacatap^quez, Escuinthla, and Solola, at an altitude of 2,800-3,600 ft. 
It is suggested that the parasite was imported by negro slaves from 
Jamaica, though Brumpt regarded the S. American worm as a distinct 
species — 0. ccecidiens, “ the blinding filaria ” — mainly on account of its 
association with a cuiious punctate keratitis, minor distinctions in the 
morphology of the male parasite, predilection of the tumours for the head, 
and endemic zone of the disease at an altitude of 600-1,200 metres. I)e la 
Torre described onchocerciasis in Mexico, over 15,000 cases in the State 



Fig. 174. — Onchocerciasis from the Congo. 

Typical nodules on knees, elbows and scalp. 

{Dr. C. C. Chesterman.) 

of Chiapas and 5,000 in Oaxaca being laiown. On the otla^r hand, Strong, 
Sandground, and Bequaert (1934), in their monograph on onchocerciasis in 
Central America, demonstrated that 0. rolvulu,^ and 0. cxcuiiens are mor- 
phologically identical. In Guatemala, onchocerciasis occurs endemically 
in those districts in which coffee is grown, from 2,800-3,000 ft., especially 
amongst the Indian population. 

Etiology. — The worms are white and filiform, tapering at both ends. They 
vary considerably in length, the female, as in all the filariae, being much the 
longer (35-40 cm.). At least four males and two females are present in every 
tumour. The unsheathed embryos measure about 300 y. in length. Macfie 
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and Corson found that in the Gold Coast natives microfilariae are commonly 
encountered in s(‘ction8 of the skin, but some of the embryos, they believe, are 
referable to a new species, Agarnofilaria streptocercxi {see p. 938), distinguishable 
from those of O. volvulus. The presence of the microfilariae of O. volvulus in the 
skin is associated in some with a lichenoid condition. 

Life-history. — Embryos, presumably those of 0. volvulus, have been found in 
the peripheral circulation by Fiilleborn, Simon, Ouzilleau, and Rodenwaldt ; but 
usually the microfilariae occur round the periphery of the tumours, and are ingested 
by the jinja-fly {Simulium damnosum), in the thoracic muscles of which they 
undergo a development similar to that of W. banerofti (Blacklock). In Kenya 
the species is S. neavei (Buckley) . In South America the insect intermediary hosts 
are Eusimulium avidum {metallicum), E. ochraceum and E. mooseri. 

Gibbins and Loewenthal showed that in Victoria Nyanza district of Uganda 
distribution of cutaneous onchocerciasis amongst the natives coincides with that 
of Simulium damuosum. 

Pathology and symptoms. — 0. volmilus is found in peculiar sub- 
cutaneous fibrous tumours, the size of a pea to that of a pigeon’s egg. 
The same patient may present one or several of these tumours (Fig. 174). 
The regions of the body most frequently affected are those in which the 
peripheral lymphatics converge. Thus, the tumours are usually found 
in tlie axilla, in the popliteal space, above the elbow, in the suboccipital 
region, and in the intercostal spaces. In their incipient stages they 
cause very considerable pain. Periodic recurrences of symptoms are 
attributable, according to native belief, to the lunar cycle, occurring almost 
every fifteen days. In the South American forrh the occipito-frontal and 
temporal regions are most usually affected. Strong found in Ste. Emilia, 
Guatemala, 54 per cent, of the inhabitants infected. 

The tumours are situated on the head, usually the scalp, and measure 6-20 
mm., rarely as much as 30 mm. They may cap the skull, and from them the 
adult w'orms may be obtained entire by digesting the tissues with papaya juice 
or j)apaine in 0-2 pc^r cent. HCl. The tumours are never adherent to the surround- 
ing structures and (!an be easily enucleated. l"hey are formed of a dense mass 
of connective tissue, which enwraps the parasites and encloses small cyst-like 
spaces filled with a greyish viscous substance consisting almost entirely of 
micTofilariae. The position of the adult worms within these tumours is very 
remarkable. The greater length of the coiled-up bodies of the females is 
(un bedded in the connective stroma; consequently they can only be extracted 
in fragments. 

Though they are most commonly found in adults of mature years, 
Strong saw volvulus tumours in a child of two months, and found that 
th(‘y often give rise to neoplasms. Sometimes, however, especially in 
Europeans, the embryos may exist in large numbers in the skin without 
any palpable nodules. 

Robles reported that tumours of the scalp and periosteum may produce 
ej)ileptiform attacks in Colombia, due to perforation of the cranium, 
bhysipelatoid skin-rashes (known as “ PJrisepela de la costa ”) are common 
in the South American form. 

Ijymphatic enlargement of the scrotum, hydroceles and enlarged testes 
were noted by l)yce Sharp in patients infected with 0. volvulus, while the 
embryos can be demonstrated in hydrocele fluid, as well as in cedematous 
lymphatic tissue. On the Congo, Ouzilleau and Chesterman described 
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elephantiasis of the scrotum and legs in association with this parasite. 
As in W. hancrojti infections, localiziul absc(‘ss formation also occurs, 
and several dead femalt‘ worms hav(‘ he<‘n removed from al)sc(‘sses. The 
elephantoid scrotum due to 0. volvulus is cojivoluttnl lik(‘ a ])rain, and the 
subcutaneous tissue is more solid and less cpdematous than that in elephan- 
tiasis attributed to W. hancrofti, while the embryos are found in the skin. 
Harris in Kenya noted a tendency to the formation of lipomata. 


Fig. 175. — Lichenoid eruptions of onchocerciasis. {After Fulleborn.) 

Dejou (1939) described acute arthritis in onchocerciasis in French 
West Africa. MicrofilariaB can be demonstrated in th(* synovial fluid 
obtained by joint puncture, which should be examined soon aft(*r with- 
drawal. In these cases filarial nodules can be found in the cruro-inguinal 
region, in the popliteal spaces, and on the costal margins. 

Skin symptoms . — Dermatitis (xeroderma) or lizard skin (Hodhain and 
Dubois) is commonly associated with 0. volmlus. The skin affindion is 
described by some as IwJienoid and is more easily visible on th(} back 
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(Fig. 175). It is usually seen in South American cases, but shows up 
much better in Europeans than in dark-skinned natives. The skin is 
thickened as well as wrinkled. Fiilleborn described cases in German 
colonists from Mexico. This complication was termed lichen by Macfie and 
Corson and sclerodenna by Ouzilleau in West Africa. 

Eecurrent inflammations of the skin of the face often result in enlarge- 
ment of the pinna of the ear. Associated with this there is a definite der- 
matitis, with discoloured patches of skin on tht^ neck and back, and xero- 
derma, especially of the elbows. The patient experiences terrible pruritus, 
especially at night. Quite commonly he suffers from photophobia and 
some aberrations of vision, and th(‘re is usually an eosinophilia of about 35 
per cent. 

Several onchocerca nodules can usually be found in the deep subcu- 
taneous fascia, and when excised, the adult worms can be demonstrated, 
and living (unbrvos also, by tcnising a snip])(‘t from the surrounding skin 
in normal salim* (Fig. 17fl). 



Fig. 176. — Microphotograph of microfilaria of 0. volvulus in subcutaneous 
tissue. Note absence of tissue reaction. 

{Photograph hi/ Dr. P. H. Martin) 


Eyejesions . — In 13 f8 Pacheco Luna suggested that 0. vokndus, in its 
migrations through the body, was responsible for a peculiar form of 
keratitis punctata commonly found in Guatemala. Calderon claimed that 
it produce's lesions of the iris and cornea as well. Similar eye lesions were 
described amongst the* Congo iK'groes by Hiss(*tte. Photophobia, xerosis 
and impaire'd vision re'sult, or the pupil juay be'come obliterated and 
comph'te blindne'ss ensue*. Interstitial ke*ratitis, ke'ratitis punctata mid 
uve'itis asse)e‘iate‘el with ])annus are* e)the*r Ic'sions. Ke'ratitis punctata is not 
regarded as speciflcally characte*ristic, but as an epiphe*nemienon (Fig. 177). 
In the acute) stage e*ye le'sions are associated with erysipelas of the face and 
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ear, neuralgia and pyrexia. The chronic form is characterized by oedema 
of the face and a greyish pigmentation of the skin. Skin symptoms have 
periods of exacerbation every fifteen days. Further studies on the eyes 
were made by Strong and Sandground in Guatemala (1934). In Kenya, 
Hawking in the Kakamega district found microfilariae in the akin in 62 per 
cent, of a group with eye lesions or nodules. Eye lesions were present in 84 
per cent, of those with microfilariae and in 23 per cent, of those without. 

Silva found microfilariae in the choroid and the posterior two- third a of 
the cornea in sections of the eyes, and this was confirmed by demonstrations 
of living microfilariae creeping on the corneal surface. The^y can be found, 
too, in the anterior chamber and in the iris, as they are phototropic. 
Boase (1935) and also Mexican ophthalmologists identified them by the 
corneal microscope. Entropic vision of the embryos crossing the visual 

fields is said to be by no means 
uncommon. The pannus of oncho- 
cerciasis and pigmented choroido- 
retinitis ultimately produce blind- 
ness, as described by Hissette. Two 
cases of blindness in Europeans 
from Kenya have been recorded in 
recent years. In both, in spite of 
all methods of treatment, })anniis 
steadily progressed. In neither 
w(‘re palpable tumours demon- 
strable. liemoval of operabh* 
tumours does not eradicate th(^ 
disease, because n(3W ones form. 
In Mexico City, where the disease 
cannot spread, microfilari® can 
still be found in the skin y(^ars 
after widespread excision of 
nodules. Eye lesions are late 
manifestations of onchocerciasis, and are rarely seen in children. 

The greater the distance between the <‘yes and the localization of iho 
adult parent filariaB, the longer is development of eye lesions delayed. 

Diagnosis. — The diagnosis is made by snipping off a pieces of skin with 
forceps near a nodule, placing it in saline solution for 15 minutes at 37° C., 
centrifuging and then pipetting off the bottom layer with the microfilariae 
which have escaped /rom the tissues. The embryos are thermostatic, 
and are attracted by h(*at to the surface of the skin ; thus, demonstration 
is best effected by placing hot fomentations on the skin, and then taking 
off shavings by means of a Thiersch razor. When these are plactnl in 
warm physiological saline solution, embryos can be detected. Howard 
recommends placing a powerful electric light bulb a few inches from the 
skin. No local anaesthetic must be used, and freezing is esptHually contra- 
indicated. 

Jnfraderrnnl tests . — -These t(‘sts were carried (uit by Fulleborn and 
])y Rodhain and Dubois with dirofilaria antigen (see j). 717). Th(^ r(‘sults 
have not been as satisfactory as in other filarial inf(‘ctions. 



Fig. 177. — Ocular onchocerciasis from the 
Congo, showing punctate keratitis and 
lateral formation of pannus. {Hissette.) 
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Complement-fixation reaction in orichocerciasis . — Van Hoof employed a com- 
plement-deviation test for onchocerciasis, based upon the same principles as 
other similar tests in filariasis, and he considered that it had done much to 
remove uncertainties regarding the pathogenic action of this parasite. 

The tightly-packed mass of adult parasites is retained when dissected out 
of the cyst. The filariae are then cut into thin slices and placed in a desiccator 
over sulphuric acid, and when dry they are extracted with ether at 25"^ C. — 
a p'rocess which occupies several days — and are subsequently dried and extracted 
with alcohol for ten days. The best extracts have an antigenic titre of 1 in 25. 
It is claimed that the test when put up by the Calrnette-Massol technique is 
so specific that neither Loa loa, A. perstans, nor intestinal helminths are able 
to vitiate it. The antibodies thus demonstrated are present in serum, cerebro- 
spinal fluid, synovial fluid and oedcmatous exudates. 

The observations so far made on the positive reactions by this test are in 
favour of the view that certain forms of elephantiasis in the Congo are mani- 
festations of onchocerciasis. 

Eosinophilia is not usually marked in onchocerciasis and is therefore not 
useful as a diagnostic sign. 

Treatment. — In the African form the tumours appear to be painless, 
and may be removed by excision. In the South American form, removal 
of the tumours under cocaine anaesthesia is said to be followed by an 
improvement in the ocular conditions within a we(‘k or so. Adams 
(1938) stated that in a Europc^an from the Katanga province of the Congo 
intravenous injections of neosti])osan arrested progress of the corneal 
opacities, but, in a comparabh^ cas(* observed by the Editor, no improve- 
ni(*nt was noted, so that antimony therapy had to be discontimuHl. Harris, 
who gave sodium antimony tartrate intravenously, noted that the micro- 
tilari® disappeared from the skin, in some cases rapidly, whim the treatment 
was continued over a period of four weeks. Some benefit was also observed 
in ocular and skin lesions w’hen })rot('in shock tluTapy was employed. 
Hoffman stated that at(*brin in large doses has achieved a reputation in 
^lexico as a valuable therapimtic agent. A useful application to alleviate 
pruritus is heliobrom (dibromotannic urea) 10 per cent, in spirit, applied to 
the skin at night. 


IV. DKACONTIASIS 
Synonym, (iuinea-worm. 

Geographical distribution. — This important parasite, Dracuncuhis 
ntedinensis, is found in certain parts of Africa and India, and appears to 
have been imported from America. In Africa it occurs in the Valley 
of the Nile, Lake Chad, Bornu, and West Africa ; it has been observed 
in Uganda, but not in the Congo basin. It is also found in Persia, 
Turkestan, Arabia, and in a very limited part of Brazil (Feira do Santa 
Anna). Formerly it was supposed to be endemic in Curagao, Demerara, 
and Surinam. Dracunculus is not equally diffused throughout this 
extensive area ; it tends to special prevalenc(‘ in limited districts, in 
some of which it is excessivi'ly common. In parts of the Deccan, for 
('xampk^, at certain S(*asons of th(‘ yt*ar ntuirly lialf the population is 
affected ; and in places on tla^ \\*(^st Coast of Africa ntuirly every negro 
has one or more specinu^ns about him. In Europe, guinoa-WH)rm is stmn 
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only in natives of, or in recent visitors from, the endemic areas. In 
North America, according to Chitwood, it has been found in the silver 
fox (Vulpes Julva)y the racoon {Procyon lotor), and the mink {Putorius 
vison), but never in man. In Asia and Africa the parasite is widespread 
amongst carnivora. 

iEtioIogy. The parasite. — The male worm has only rarely been found 
(see p. 940). The female measures about 32*6 cm. to 1 m. 20 cm. in length, by 
1*5 mm. in diameter. The embryos are somewhat flattened, with a tapering 
tail, and measure 0-5-0-75 mm, in length by 0*017 mm. in breadth. 

Life-history . — The embryos of D. medinensis are shed into water and, swimming 
about actively, enter the body-cavity of a fresh-water crustacean, Cyclops 
quadricomiSf or allied species, in which they develop until a length of 1 mm . 
is attained. (For details, see Appendix, p. 941.) 

Mode of infection. — The metamorphosis of D. medinensis in cy clops was 
discovered by Fedchenko in Turkestan and subsequently confirmed by Manson 
in England ; but, o\iing to the colder climate of this country, the metamorphosis 
takes longer to complete — eight or nine weeks, instead of five weeks as in 
Turkestan. Fedchenko supposed that Cyclops, containing the larvae of the 
guinea-worm, was swallowed by man in drinking-water, digested, and the parasite, 
being then set free, worked its way into the tissues of its new and definitive 
host. 

Later, Leiper showed that when an infected cy clops is transferred to a 2*0 
per cent, solution of hydrochloric acid it is immediately killed, but the larva\ 
so far from being destroyed, are aroused to great activity, and eventually escape 
into the fluid, in which they swim freely. From this he conjectured that under 
natural conditions man becomes infected through the ingestion of cyclops 
containing these worms, the gastric juice acting on cyclops and larva in the 
same way as the hydrochloric acid in his experiment. In order to prove this, 
he fed a monkey on bananas concealing cyclops which had been infected for 
five weeks, and which contained fully-developed larvae. Six months later, 
when the monkey died, five worms were found in its connective tissues, all 
possessing the anatomical characteristics of D. medinensis. 

The evidence is now fairly complete that the life-span of the female 
dracunculus, before she appears on the surface of the body, extends to 
about one year. It is not to be supposed that every species of cyclops 
is an effective intermediary : if this were the case, guin(*a-worm inlection 
would have a much wider geographical range. 

Pathology and symptoms. — The parasite, on attaining maturity, 
makes for the legs and fe(‘t ; these are the parts of the human body 
most likely, in tropical countries, to come in contact with puddles of 
water, the medium in which cyclops — the intermediary liost-~liv(‘s. 
The water-carriers in India are very subject to guinea-worm, which, in 
their case, appears on the back — that is, the jiart of the body against 
which the water-skin lies when being carried. It seems that the mature 
guinea-worm, by instinct, seeks out that part of the body most in contact 
with, water. 

Occasionally, the guinea-worm fails to piirce, the integunnmt of her 
host ; sometimes she dies before arriving at maturity. In either case 
she may give rise to absce^ss ; or she may )>(*come cretiti(*d, and in this 
condition may be felt, years afterwards, as a hard convolut(‘d cord under 
the skin, or be discovered on dissection. 
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Tho haunt of the female guinea-worm is the eonnectivt* tissue of the 
limbs and trunk. Wlnai mature, she proecMuls to })ore Ikt way tlirough 
this tissius Iravi'llinj^ downwards. In 85 pcT cent, of eas(‘s sh(‘ j)r(‘S(a)ts 
in some part of th(^ lower extnauith'S ; oeeasionally in tlu^ scirotum or 
on the sole of the foot (Fi^. 178) ; rarely in the arms ; exc(‘ptionally in 
oth(T parts of the body, or even 


in the head. In a proportion of 
eas(‘s the appearance of the worm 
at the surface of the body is pre- 
ceded by slight fever and urticaria; 
the onset of th(‘ skin eruption is 
gt^nt'rally at .night, before the 
blister or other localizing signs 
are not(‘d. Arrivaai at her (h^sti- 
nation, the hanale worm pierces 
the derma. In consequence of 
some irritating sc^cretion, a small 
blister, containing, as a rule, 
numerous embryos, forms and 
(*l(‘vates the epidermis over th(‘ 
sit(i of the hole in the derma. 
The irritation due to this act 
caus(*s a burning sensation and 
inducf^s the patient to immerse 
his foot in wat(‘r. By and by the 
blister ruptures, disclosing a small 
su])(Tticial (Tosion in. in 

diameter. At the centre of th(‘ 
(‘rosion, which sometimes quickly 
h(‘als spontaneously, a minute 
hok*, large enough to admit an 
ordinary probe, is visible. 
Occasionally, when the blist(‘r 
ru])tur(*s, the head of the worm is 
seen protruding from this hole ; 
as a rule, liowi^er, at first the 
worm does not show. If the 




neighbourhood of the ulcer is 
douclual with a stream of cold 



water from a sponge, in a few 
S(*conds a droplet of fluid — at first 
clear, later milky — wells up 
through the hole and flows over 
th(^ surfact*. Sometimes, instead 



Fig. 178. — Guinea-worm emerging from 
sole of foot. 


of this fluid, a small, beautifully 

pellucid tube, the uterus, about I mm. in diamett'r, is projecttal through 
the hole in response to th(^ stimulus of the cold watiT. Ap})an‘ntly in this 
act the tissues of the head are t‘xploded in order that the uterus may 
1 ‘scape (Fig. 179). 
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When the tube has been extruded an inch or thereabouts, it suddenly fills 
with an opaque whitish material, ruptures, and collapses, the fluid spreading 
over the surface of the erosion. If a little of the fluid, either that which has 
welled up through the hole, or that which has escaped from the ruptured tube, 
be placed under the microscope, it is seen to contain myriads of dracunculus 
embryos lying coiled up, almost motionless, with their tails projecting in a 
very characteristic manner (Fig. 180). If now a drop of water be instilled 
below the cover -glass, the embryos unroll themselves, and, in a very short 
time, swim about, more suo^ with great activity. If the douching be repeated 
after an hour or longer, a further supply of embryos can be obtained ; and 
this can be continued from time to time until the worm has emptied herself. 
Apparently the cold applied to the skin of the host stimulates the worm to 
contract, and thereby force out her uterus, inch by inch, until it is completely 
extruded. The repeated birth of a limited number of progeny each time the 
skin of the host comes into conta(*t with water is therefore a wonderful provision 
of nature. Aberrant forms of embryos were described by Moorthy and Sweet 
(p. 940). ■ 

The first symptoms appt'ar usually simultaneously with the beginning of 
the blister-formation, and consist of urticaria, nausea, vomiting, diarrluea. 



Fig. !79. — Diagram of vesicle caused by guinea-worm, 
showing prolapse of the uterus in the act of dis- 
charging embryos into the blister cavity. 

{After Fairley and Glen Liston.) 


asthma, giddiness and fainting and they are believed to be due to absorption 
of the toxin emitted by the worm to form the initial skin blister. The symptoms 
strongly suggest an anaphylactic reaction, and goats injected with guinea- 
worm extracts show similar symptoms, while injections of adrenalin bring about 
rapid improvement. Later symptoms result from the invasion of the ulcer 
by bacteria. 

Should the worm become injured or lacerated while lying in the subcutaneous 
tissues, severe local reaction may develop. The part becomes extremely painful, 
inflamed and cedematous, and cellulitis may result, due to secondary downward 
growth of staphylococci and streptococci from the skin. Arthritis, synovitis, 
epididymitis, contractions of tendons, and ankylosis of joints have even been 
known to ensue. In some patients, generalized systemic symptoms accompany 
the premonitory urticaria, such as pyrexia, giddiness, dyspnoea and vomiting ; 
and gastro-intestinal symptoms have been noted during the early stages of 
guinea- worm infection, associated with an increase of eosinophil cells in the 
blood ; this is due to the absorption of a specific toxin, so that alarming symptoms 



DIAGNOSIS OF GUINEA-WORM 


749 


may be produced in laboratory animals by intravenous injection of extracts 
of the adult dracunculus. 

That the cellulitis associated with guinea-worm is due to the excretion of 
toxins by the mature parasite was shown by Fairley and Glen Liston, who 
failed to produce any local or general reaction by subcutaneous injection of the 
embryos themselves. Botreau-Roussel and Huard described a specific non- 
bacterial arthritis, especially of the knee-joint, associated with the presence 
of a guinea -worm in the vicinity. 

Lester from Dar-es-Salaarn reported the discovery of an entire guinea-worm 
coiled in a hernial sac ; it was kept alive in the laboratory for twelve days after 
removal. According to Trewn, guinea-worms may present themselves after 
as long an interval as fifteen years from the time of infection. Massive infections 
are also reported, and as many as 56 adult worms have been counted in one x^erson 
at the same time. 



Fig. 180.- — Embryos of D. mtdinensia, {M icrophotojraph hy Mr. H. B. Bristow.) 


Diagnosis.-- This is, as a rule, sufficiently obvious. In cryptic infections 
there is gtauTally an eosinophilia. If tht* worms cannot ])e seen they 
may be f(‘lt underneath the skin. When both these methods fail, screening 
with X-rays has been of use ; and injection of 2 c.c. of 10 per cent, collargol 
into the worm renders it opaque (Hudellet, 1919). Effete and calcified 
worms are easily demonstrated by sldagraxdiy. (Plate XXL) 

An intraderm/il test for diagnostic x^urposes was introduced by Ramsay. The 
antigen is obtained by adding to UK) c.c. of ether 0*25 gtni. of dried xmwdered 
guinea-worm, with frequent shakings at room tem})f‘rature for two hours to 
remove the lij)oid8. The dried, ether-free rcvsidue is extracted with shaking 
for four hours, in UK) c.c. of 0*85 x)er cent, solution of sodium chloride at 3T C. 
After centrifugation, it is passed through No. 6 Seitz filter, and 0-25 c.c. of this 
is used for injection, A positive wheal is 2-3 cm. in diameter, with outrunners. 
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Sequelae. — Subacute sterile abscesses are occasionally seen, due to 
premature death of the female D. medinemisy with the liberation of 
embryos into the subcutaneous tissue. The condition is diagnosed by 
the deeply situated fluctuating swelling, not communicating with the 
exterior. In synovitis and arthritis, the exudate may be serous or purulent. 
Generally, there is an associated cellulitis, the synovial membrane being 
involved by direct spread through the adjacent tissues. Permanent 
deformities and a history of prolonged illness in the recumbent position 
are invariably associated with sepsis. Bony ankylosis is rare. The 
joints mainly involved are the knee and the ankle, while the tendo Achillis 
and hamstrings are not infrequently contracted. Connor (1922) drew 
attention to cases diagnosed as chronic rheumatism, traumatic synovitis, 
periostitis or sciatica, where X-ray examination revealed calcified worms. 

Treatment. — Formerly it was the custom, as soon as a guinea- worm 
showed herself, to attach the protruding part to a piece of wood and 
endeavour to wind her out by making a turn or two daily. Soinetina^s 
these attempts succeeded ; just as often the worm snapped under tin* 
strain. The consequences of this accident wen* often disastrous. Myriads 
of young escaped from the ruptured ends into the tissues, and viol(*nt 
inflammation and fever, followed by abscess and sloughing, ensu(*(I ; 
weeks, or months perhaps, elapsed before the unhappy victims of this 
rough surgery were able to get about. Too often, serious contractiorts 
and ankylosis from loss of tissue and inflammation, and even death from 
septic trouble, resulted. 

If a guinea-worm be protected from injury, and the part she occupies 
frequently douched with water, her uterus will be gradually and naturally 
forced out inch by inch and emptied of embryos. Until this process 
is completed she resists extraction. When, in from fift(*en to twenty 
days, parturition is completed, which can easily be ascertained by the 
douching experiment, the worm is absorbed or tends to emerge spon- 
taneously. A little traction then may aid extrusion. Traction, howe\ (*r, 
must not be employed so long as embryos are being emitted. Wh(*n 
located by X-rays and collargol, the worm may be dissected out (Hudellel). 

The parasite may also be killed by injecting her, by means of a syringe, with 
solution of bichloride of mercury, 1 in 1000 ; after twenty-four hours, extraction 
is usually easily effected. If the worm has not shown herself externally, but 
can be felt coil^ up under the skin, the coils should be injected, through several 
punctures, with a few drops of the same solution. Fairley and Glen Liston 
advocated aspiration of the blister-fluid before extraction, followed by ])r(‘- 
cautions to avoid sepsis. The surface should first be painted with tinctun; of 
iodine. After a period of forty -eight hours, they advised excision of the worm if 
lying convoluted in a limited space ; failing this, intermittent traction should 
be combined with massage. The subcutaneous injection of 9-10 min. of 1 in KXX) 
adrenalin hydrochloride immediately relieves the distressing prodromal symptoms, 
such as uricaria and asthma, from absorption toxins. 

To complete extraction of the worm, the ojK'rative procedure is as follows. 
It is applicable whether a blister has formed or not, or whether a sinus is present. 
The skin overlying the worm at some distance from the ulcer is infiltrated with 
cocaine and adrenalin (2 c.c. of 1 per cent, cocaine and 1 c.c. of 1 in 2000 adrenalin). 





RADIOGRAPH OF CALCIFIED CYSTICERCI IN 
THE THIGH. 
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An incision is made at right angles to the line of the worm through the anaesthe- 
tized tissues. The whitish fibrous sheath of the worm being exposed, the superior 
surface is incised longitudinally and a small strabismus hook inserted inside 
its interior. By these means the female I), medinmsu is hooked out. The 
loop of the worm is held tightly in the fingers while intermittent traction and 
massage are again employed. Should it be impossible to liberate the distal 
end of the parasite, a second incision is made over another palpable segment 
of the worm, and both ends of the central loop are cut across and the inter- 
mediary portion removed. It is most important that the proximal head portion 
of the worm should be removed through the sinus, not drawn through the sheath 
in the subcutaneous tissues in the reverse direction, or otherwise there will be 
pollution with organisms from the mouth of the sinus (Fig. 181.) 




Fig. 181. — Diagram of removal of gulnca^worm. {After Fairley.) 


The latest and apparently the most efficacious treatment is by a dye, pheno- 
thiazine (Mountjoy Elliott, 1942). Finely powdered and triturated, it is emulsified 
with adeps lanw and olive oil. A certain amount of heat is recpured to keep the 
solution sufficiently fluid to be drawn up into a hypodermic needle. Each injection 
consists of 10 c.c. of the emulsion, containing 1 grrn. of phenothiazine. The site 
of the injection is anaesthetized by infiltration with novocaine. Three injections 
are usually made as near the course of the buried worm as possible. Usually, 
4 grrn. of phenothiazine is given in one treatment, and the site massaged for five^ 
minutes. Injections are made at weekly intervals and rarely more than two 
courses are needed. After 5 to 7 days the worm may be exti*acted by the rolling 
stick method. The rolling should be preceded by strong pressure with the 
fingers along the course of the worm tract in the direction of the sinus. This 
milking action should be performed for about 2 minutes. No toxic symptoms 
have been noticed. 

Prophylaxis. — It is evident that prevention is merely a question of 
protecting drinking-water from pollution by guiiu'a-worm patients. 
Ticiper demonstrated that cyclops are killed by raising by a few degrees the 
temperature of the water in which they live. He suggested heating by a 
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portable steam f^enerator the water in wells and water-holes which are 
known to he sources of guinea- worm inh^ction. Alcock found that the 
addition of a trace of potash to the water is eciually (effective. In Mysore, 
Moorthy found that step- wells are the greatest source of infection, especially 
in high-caste Hindu houses. When barbel fish {Barbus puckelli, B. ticto, 
Bashora donicornicus) , which feed voraciously on cyclops, are introduced, 
the guinea- worm disappears. Otherwise the wells must be treated every 
fourteen days with j?erc/ik)ron (bleaching-powder substitute). 



CHAPTEE XLIII 


PARASITES OF THE LUNG AND LIVER 

L PAEAGONIMIA8IS (ENDEMIC ILEMOPTYSI8) 

History. — This disease and the characteristic eggs appearing in the sputum 
of its subjects were described by Baelz and Manson in 1880. Ringer, in 1881, 
was the first to find the mature parasite, which was afterwards described by 
Cobbold under the name of Distomum ringeri ; subsequently it was recognized 
to be closely related to the previously described Paragonimus westermanii of 
the tiger. The main features of its life-history and pathological bearings have 
been worked out since by Japanese observers. Closely allied species are found 
in the pig, dog, cat, otter, mink and ichneumon {see Appendix, p. 884). 

Geographical distribution. — Paragonimiasis occurs in China, Japan, 
Korea, Formosa, the Philippines, Nigeria and the Cameroons. In many 
of the endemic districts a notable percentage of the population is affected. 
Paragonimiasis is found in wild animals in the United States, but so far 
no human infections have been discovered there. The spread of the 
disease takes place 1)y eggs in the sputum, more usually in the faeces ; 
this is specially the case in cats and other domestic animals. 

iEtiology. — The fluke, Paragonimus ringeri (westermanni), is reddish-brown, 
thick and fleshy, oval, and measures 8-20 mm. by 5-9 mm. Development 
of the parasite proceeds in the fresh- water snail Melania^ and thereafter the 
larva, or metacercaria, encysts in several species of fresh-water crabs (Potamon) 
and crayfish. 

Man is infected by eating raw or improperly-cooked crabs, of which the Koreans 
are very fond, while the raw juice of crayfish is taken as a medicine for diarrhoea 
and whooping cough. The young parasites hatch in the ileum and in 24-42 
hours penetrate the intestinal wall near the jejunum, reach the peritoneal cavity, 
and make their way to the diaphragm by penetrating the tendinous portion. 
Travelling beneath the pleura, the larvae reach and pierce the parenchyma of 
the lungs, where cysts are found. In other organs they do not reach perfect 
growth (see Appendix, p. 885). 

Pathology. — The lungs do not at first present any unusual appearances 
but, on looking closely, small brown spots are thickly distributed over 
the entire surface of the pleura and many tumour-like swellings of a deep 
red colour, in which the parasites are situated, can be seen. On making 
a section of the lungs, a larger or smaller number of what are known as 
“ burrows are discovered scattered about, particularly towards the 
periphery. These burrows consist of areas, somewhat larger than a 
filbert, of infiltrated lung tissue in which can be seen a number of tunnels 
filled with the same material that constitutes the characteristic brown 
sputum, which may also contain one or two trematodes. The septa 
between the tunnels may break down and a considerable cavity thus be 
produced ; and as this occurs in connection with one of the bronchi, with 
which the tunnels always communicate, it may give the appearance of 
a dilated bronchus. One burrow may communicate with another. It is 
estimated that the number of eggs coughed up in twenty-four hours is 

49 763 
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over 13,000. Tubercle bacilli and paragonimus eggs are frequently found 
together. 

When first discovered, it was supposed that P. ringeri was confined 
to the lungs, but it may affect the liver, peritoneum, testes, intestine, 
skin, muscle, and brain. It may cause intramuscular abscesses. In 
the brain it may form a tunnelled tumour similar to those in the lungs. 

Musgrave, in his study of the pathology, pointed out that the peculiar 
bluish, cyst-like burrows of the parasite occur in many organs and tissues. 
Infiltration by the eggs produces, especially in serous membranes, little 
brownish-red patches sometimes visible to the naked eye. The intestinal 
mucosa is a common seat of infiltration, which gives rise to inflammatory 
reaction, ending in ulceration and the appearance of eggs in the fieces. 
The eggs may find their way into the spinal cord, as reported by Robertson, 
and produce transverse myelitis. At least 100 mature parasites have been 
found in a psoas abscess. 

Symptoms. — The symptoms generally begin so insidiously that it is 
impossible to fix their onset with accuracy. The subjects of endemic 

haemoptysis have a chronic cough 
and a vague feeling of distress in the 
chest, which is usually most urgent 
in the morning on rising. The fits 
of coughing expel a peculiar rusty- 
brown, pneumonic-like sputum, which 
can be produced at will almost at 
any time, and often in considerable 
quantity. In addition, the patient 
is liable to irregular attacks of haemo- 
ptysis. Though usually induced by 
violent exertion, such attacks 
occasionally come on without ap- 
parent cause. The haemoptysis may 
be trifling ; on the other hand, it 
may be so profuse as to threaten life 
or at least to cause intense anaemia. 
Ogi stated that an outstanding physical sign in chronic cases is clubbed 
fingers. The physical examination of the chest is mainly negative. The 
patient is well-nourished. Resonance is usually normal, with a tendency 
to hyper-resonance, while rales can be demonstrated in a few instances. 

TJie sputum . — Under the microscope the peculiar colour of the viscid, 
pneumonic-like sputum is found to be due partly to red blood-corpuscles, 
partly to a crowd of dark-brown, thick-shelled, operculated eggs (Fig. 
182). Besides pus-corpuscles there are large numbers of eosinophil cells. 
Charcot-Leyden crystals are often present. The eggs vary a good deal 
in size and shape ; they are all distinctly oval, have a yellow, smooth, 
double-outlined shell, and measure from 80 to 100 p. by 40 to 60 (ji. If 
the sputum be shaken up in water, and the water be renewed from time 
to time, in the course of a month or six weeks — longer or shorter according 
to temperature — a cihated miracidium is developed in each egg. When 



Fig. 182. — Eggs of Paragonimus 
ringeri in sputum. 
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the mature egg is placed on a slide with slight pressure on the cover-glass, 
the operculum is forced back, and the miracidium immediately emerges 
and begins to swim about and gyrate in the water. 

Abdominal symptoms in some cases may also be present ; they consist 
of dull abdominal pains and occasional diarrhoea. The abdominal wall 
feels hard and is tender ; at the same time symptoms of liver cirrhosis, 
appendicitis, enlargement of the prostate, epididymitis and adenitis may 
be present. 

Cerebral symptoms . — When the disease affects the brain, especially ^ 
children, a peculiar form of Jacksonian epilepsy may be a feature for a con- 
siderable period, and may end in hemiplegia, aphasia, visual disturbances, 
homonymous heinianopia, paresos or monoplegias of various degrees. 

Generalized . — In what is known as generalized paragonimiasis, in 
addition to the symptoms noted above, there is generalized lymphadenitis, 
especially affecting the* axillary and inguinal groups, often associated with 
cutaneous ulcerations. 

Diagnosis. — Diagnosis is at once established by the discovery of the 
characteristic eggs in the almost equally characteristic sputum. The 
sputum is sticky, not foamy, and resembles that of pneumonia. Charcot- 
Leyden crystals are usually present. Eales and other physical signs of 
lung consolidation are not usually discoverable. If the intestine or liver 
is implicated, eggs may appear in the stools. 

One-sided convulsions or hemiplegic affections in a native of, or a 
visitor from the countries in which this trematode is endemic, should 
suggest examination of the sputum on the chance of discovering the 
parasite. Should eggs be found, there is a strong presumption that the 
cerebral trouble arises from a trematode tumour in the brain. 

In the endemic zones of paragonimiasis, even in the absence of eggs 
in the sputum, Musgrave recommended that this parasite should be 
suspected in cases of chronic epididymitis, enlargement of the lymph- 
glands or prostate, liver cirrhosis, and skin ulceration. As some of these 
conditions are also found in Bilharzia japonica infection, the operculated 
eggs of paragonimus should be carefully distinguished from those of 
this parasite. The sputum should be examined bacteriologically to exclude 
the tubercle bacillus. Blood examination usually discloses a moderate 
leucocytosis of about 15,000 and there is usually no rise in the eosinophil 
cells. 

The cutaneous ulcerations have to be distinguished from those of 
oriental sore. 

Bercovitz reported that X-ray examinations of the lungs are very dis- 
appointing, while lipiodol infiltration shows no cavities, probably because 
the paragonimus burrows are situated at the periphery of the lung. Wang 
and Hsieh, on the other hand, described well-defined opacities and isolated 
infiltrations in various parts of the lung field. 

Ando described a Bordet-Gengou complement-fixation test, using an 
extract of the body of the adult worm as antigen. This probably, when 
fully worked out, will constitute an efficient aid to diagnosis in obscure 
cases. Prom the clinical aspect paragonimiasis has to be distinguished 
from bronchiectasis more^than any other condition. 
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Treatment. — So far no means of expelling the parasite from the 
lungs has been discovered. In cerebral paragonimiasis it might be 
possible by operation to remove the parasite and associated tumour, 
and thus afford a chance of recovery in a condition which has hitherto 
proved fatal. Kobayashi and Ando reported encouraging results with 
emetine, which is said to lessen the sexual activity of the trematodes. 
The drug is injected intramuscularly in doses of 1-25 c.c. of a 2 per cent, 
solution four times daily for five days, but it must be used with great 
^ution, especially where there is any myocardial trouble. This was 
^nfirmed by Bercovitz, who gave emetine in 1 gr. daily doses for periods 
of seven days. To and Ko injected carpain subcutaneously, 6 per cent, 
in normal saline. The total quantities were 0*8 grra. over six days, and 
1*1 grm. over 23 days. Bercovitz reported that marked improvement 
follows lipiodol injections into the bronchi. Yokogawa and Bo claimed 
encouraging results in experimentally infected dogs with intramuscular 
sulphanilamide (jrrontosil ) . Subsequently they treated nine cases of human 
paragonimiasis with intramuscular prontosil, 2*5 per cent, solution, giving 
a total of 60-165 c.c., simultaneously with intravenous emetine, 4 per cent., 
12-23*5 c.c., over a period of seven to seventeen days. Degenerative 
changes were observed in eggs in the sputum after three days’ treatment. 
Favourable signs were a decrease in the amount of sputum and dis- 
appearance of blood. It is claimed that this treatment proved successful 
ill 50 per cent, of cases. 

Prophylaxis in this, as in so many other animal-parasite diseases, 
lies principally in securing a pure water supply for drinking and bathing 
purposes, and avoiding all uncooked articles of diet, especially crabs and 
crayfish, which might be supposed to contain the young parasites. The 
sputum and faeces should be destroyed. In Chosen, Korea, an enlightened 
Government has waged a campaign against crabs, and .has rendered their 
sale unlawful, while the populace is being educated about the dangers 
by means of posters and advertisements. 

II. CLONORCHIA8IS 

Geographical distribution. — The trematode responsible for this 
disease has been found in many Eastern countries, including India, 
Mauritius, Japan, Korea, Formosa, China, and Tonquin. In South 
China, Faust and Khaw determined that the fish-raising industry is 
responsible for the high incidence in Kwantung Province. In Central 
Japan, according to Katsurada, there are certain districts in which it 
affects from 56 to 67 per cent, of the population, and Leger found the eggs 
in 50 per cent, of the natives of the East Coast of Indo-China. Recently, 
an endemic area has been discovered on the Pacific Coast of California, 
the infection having been imported by Chinese immigrants. 

Etiology. — The parasite, Clonorchis sinensis, measures 10 to 20 mm. by 
2 to 5 mm. ; it is oblong, narrow, flat, and somewhat pointed anteriorly, reddish, 
and nearly transparent. Development outside the human body takes place 
in two different intermediary hosts — primarily, a mollusc, Bithynia, usually B, 
sirifUtUa ; and secondarily, several species of fieehwater fish of the carp family. 
(For further details, see Appendix, p. 882.) 
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Pathology. — C. sinensis inhabits the bile-duots. It thickens the walls of 
the biliary canals and expands them in places into cavities and diverticula as 
large as filberts, the walls of which are thickened with fibrous tissue. In these 
cavities vast numbers of parasites may be found. The diverticula communicate 
with the bile-ducts, along which the eggs of the parasites, and sometimes the 
parasites themselves, escape into the intestine. The affected liver is enlarged 
as a whole, although the tissue in the immediate neighbourhood of the diseased 
bile-ducts is atrophied. The spleen, also, may be hypertrophied and the intestine 
in a condition of chronic catarrh. This trematode is sometimes found in the 
pancreatic ducts, in the duodenum, and in the stomach, associated with ascites, 
and even with anasarca. According to Hoeppli it may produce carcinomatods 
changes, while Kown and his associates found new growths in the liver connected 
with this infection. 



Fig. 183. — Eggs of Clonorckis sinensis In faeces. X 250. 
{Microphotograph by Dr. John Bell.) 


This parasite, which for long was supposed to be practically innocuous, is 
now held to be the cause of a serious cirrhosis of the liver, which may terminate 
fatally ; indeed, there can be no doubt of this in view of the fact that several 
thousand parasites were present in some cases. Sambuc and Baujean counted 
21,000 at one autopsy, and reckoned the total weight of the parasites at 300 grm. 

Symptoms. — When the infection is severe the liver becomes enlarged, 
and chronic diarrhoea, with recurring attacks of jaundice, sets in. Late 
anasarca appears, and gradually a cachexia, resembling that of sheep-rot, 
is established, which, in the course of several years, may prove fatal. In 
lighter infections there is indigestion, epigastric distress and, sometimes, 
night-blindness (Bercovitz). The Editor investigated one case in which 
clonorchis infection appeared to be the cause of acute cholecystitis (straw- 
berry gall-bladder). 

Diagnosis. — It would be well to bear in mind this and other parasites 
in approaching the diagnosis of obscure hepatic disease associated with 
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diarrhoea and jaundice in patients from the East. The discovery of the 
eggs (Fig. 183) in the stools should give correct diagnosis. Associated 
with this disease there is generally a leucocytosis of over 80,000 and 
eosinophilia of over 40 per cent. Toullec and Riou employed the 
duodenal sound, finding large numbers of eggs in the aspirated bile, even 
when they failed to demonstrate them in the stools. 

Treatment. — The patient should be removed to a non -inf acted area 
and given nourishing food. Intravenous emetine has been found of 
little avail. Several observers (Haeck, Kinugasa and others) injected 
foiiadin intravenously with some degree of success. In vitro experiments 
have shown that gentian violet, malachite green and Nile blue are lethal 
to clonorchis in a concentration of 1 in 40,000. The former dye appears to 
be most effective. 

Faust found that, in experimental cats, gentian-violet per os causes 
death of the fluke after preliminary stimulation of ovulation. About 80 
mg. per kilo weight was found to be the correct dosage. Unfortunately 
in this strength this drug appears to be toxic, though it opens up an 
important line of clinical research. 

Continuous non-surgical bile drainage has been extensively practised 
in Korea by means of the duodenal tube. It is found necessary to 
cocainize the throat to prevent reflex vomiting. As a rule, it is possible 
to allow the tube to remain in position continuously for several days. 
During the day-time bile is collected every two hours, following stimulation 
by 50 per cent, magnesium sulphate through the tube. The bile is 
examined microscopically for clonorchis eggs, and the number per 4 cu.mm, 
counted. It is however, necessary to state that this procedure does not 
remove all the eggs, but it is useful in getting rid of toxic material, and the 
results are most spectacular when the liver is enlarged and tense. Hilary 
drainage is not always harmless, and is sometimes followed by shock. 

Prophylaxis. — Manifestly, the Chinese habit of eating raw fish should 
be deprecated. The addition of vinegar does not kill off the clonorchis 
cysts. Animals and men harbouring the parasite should be prevented 
from fouling water, whether used for drinking, bathing, or agricultural 
purposes. The freshwater snails which serve as intermediary hosts inhabit 
the ponds in which edible fish are cultivated by the Chinese. 
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INTESTINAL PARASITES 

1. ASCAEIASIS 

Definition. — Infection of the alimentary tract with the roundworm, 
Ascaris lumbricoides. This worm is large and familiar ; it may give rise 
to no special symptoms save inconvenience but may be the starting- 
point of severe complications. The worm and its life-history are described 
on p. 908. 

Symptoms. — The normal situation of ascaris in the bowel is the jejunum. 
There, as can be shown by skiagraphy, the worms lie motionless, curled 
up in bundles, so that the bowel can be stuffed with worms like a well- 
filled sausage. The worms ingest the barium, and their situation is 
clearly shown by the opaque outline of the intestinal tract. Toxic 
symptoms are probably attributable to ascaron, a mixture of albumoses 
and peptones. Fiilleborn and Kikuth studied the allergic phenomena of 
ascaris infection. These are well known. Some individuals manifest 
a peculiar sensibility to ascaris emanations, and entry to the laboratory 
where ascaris worms are being dissected is enough to cause conjunctivitis, 
urticaria, asthma, and even “ fever.” The skin of these people is extra- 
ordinarily sensitive to minimal doses of ascaris substance, and in a few 
minutes a red and extremely sensitive wheal is produced. The passage of a 
worm is attended by an intolerable itching at the anus and vomiting may 
cause mdema of the glottis. In children, ascaris infection may produce 
pallor of the face, with blue rings und(‘r the eyes and sometimtM^ interference 
with nutrition ; on the other hand, the infection may never be suspected 
until eggs are found in the stools. 

In many instances the ascaris gives rise to no very noticeable symptom ; 
in others it is credited with a number of ill-defined gastric and perhaps 
nervous troubles — capricious appetite, foul breath, restless sleep, peevish- 
ness, vague abdominal pains, nausea, and so forth. It may cause most 
pronounced urticaria. Sornetinu'S the worms get into the stomach and 
are vomited, giving rise to no inconsiderable alarm. They may even 
creep up the (esophagus and into the mouth, or out by the nostrils, and 
cause suffocation by wandering into the rima glottidis. When aggregated 
into masses in the intestines they may cause volvulus, or even intestinal 
obstruction. They have been known to enter the pancreatic and bile 
ducts, giving rise to jaundice and abscess of the livcT ; to cause acute 
hiemorrhagic pancreatitis by blocking the bile duct ; to penetrate the 
intestinal wall and escape into the peritoneum, causing peritonitis (in one 
Chinese quoted by Hsu, over 1,500 ascaris were removed from the peritoneal 
cavity); or to burrow into the abdominal walls and cause localized abscess. 
Eggs have been demonstrated in pearl-like nodules encysted in the 
peritoneum and mesentery. The worms may invade the lumen of the 
appendix, which may be packed with eggs, and cause appendicitis. In 
women, they may invade the generative tract, and have been found 
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encysted in the Fallopian tubes. In children there is characteristically a 
protuberant abdomen ; normal digestion is disturbed ; there is loss of 
appetite and sometimes insomnia. The most common complaint is inter- 
mittent intestinal colic. 

Although “ ascaris pneumonia ” is not often diagnosed it has often been 
suspected in West Indian negroes. In experimental animals heavily infected 
with ascaris larvae, death takes place from pneumonia after four to five days. 
The larvae, in their wanderings through the lung capillaries, must give rise to 
considerable disturbances. In North America pneumonia is much feared by 
some breeders of pigs, as the ascaris of the pig is very similar to, and has the 
same life-history ats Ascaris lumhricoides. This aiscaris is a definite biological 
species, as it cannot develop to maturity in man, nor can the reverse take place. 

Koino, a Japanese investigator, swallowed 2,000 ripe human ascaris eggs. 
Six days later he was attacked by definite pneumonia with dyspnoea, cyanosis, 
eosinophiha and pyrexia of 104° F. which lasted seven days. The syndrome of 
tropical eoslnophilia seemed to be reproduced (see p. 675). The sputum was 
profuse from the eleventh to sixteenth days, and contained ascaris larvae, of which 
202 were counted. The liver was enlarged, there was congestion of the conjunc- 
tiva, and severe muscular spasms. After a period of fifty days from the time of 
infection, 667 ascaris, varying in length from 3-8 cm., were voided. It is said that 
during their migrations in the lung the larval worms may give rise to haemoptysis. 

It is estimated that each female ascaris in the bowel produces 2,000 
eggs for every gramme of faeces. 

Diagnosis. — It is well, when puzzled over some obscure dyspeptic 
condition in tropical patients, to bear the ascaris in mind. The stools 
ought to be examined with the microscope. Various concentration 
nu^thods may be employed for demonstrating the eggs (see p. 1008). 
If they are found, a dose or two of santonin may clear up the diagnosis 
and cure the patient. 

Ascaris infection is usually associated with an eosinophiha, but this 
is by no means so reliable as was formerly considered, and the Editor 
has seen heavy infections without any increase of these cells. During the 
invasion stage, when the larvae are resident in the lungs, there is a very 
definite eosinophiha, but this diminishes as the worms enter the intestinal 
canal. In America, Jeller, Kaspari and Leathes found in European 
children an average eosinophiha of 9*9 per cent, and in negro children 
about 5*3 per cent. 

The cutaneoui^ reactions to ascaris antigens are of httle practical im- 
portance and FuUebom considered the “ scratch test ” with powdered 
ascaris more reliable than intradermal injection. In many infected 
individuals the test remains negative, and, moreover, a person who has 
once been infected and cured remains thereafter sensitive. 

Skiagraphy can be employed in diagnosis. Films taken four to six 
hours after an opaque meal display ascaris as a cylindrical filling defect, 
or as a string-hke shadow produced by opaque substance which the worm 
has swallowed. As a rule, the worms are arranged parallel to one another 
in bundles. 

Treatment 

The most widely employed drug for the treatment of ascaris is santonin, 
but it is by no means as effective as was formerly thought, and is apparently 
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more lethal to female than to male worms, while it has been proved that 
even after several treatments the worms may not be completely eradicated. 
It is apparently effective to a limited extent when given in suppositories. 
The dose by the mouth is gr. (0*032 to 0*065 grm.) for a child, and 
3-5 gr. (0*194 to 0*324 grm.) for an adult. A good method is to prescribe 
three doses on successive nights, the first and the last dose followed by 
castor oil the next morning. 

An alternative method consists of taking santonin, gr. 5, with calomel, gr. 
2-3, on three successive nights followed by a saline purge, Jss of magnesium 
sulphate, two hours afterwards. As children in the tropics are more usuaUy 
infested with ascaris than are adults, it is necessary to adapt the dosage to 
their age according to the generally accepted rules ; it may be one quarter or 
one fifth of those stated. 

Santonin, CijHigOj, is a crystalline lactone obtained from santonica, which 
consists of the dried unexpanded capitula of Artemesia cina, Berg (Fam. 
Compositoe), a small undershrub which grows plentifully in Turkestan and is 
known as “ Levant wormseed.” It is almost insoluble in water, but soluble 
in 90 per cent, alcohol (1 in 44), chloroform (1 in 2 6) and castor oil (1 in 200). 
When exposed to sunlight it turns yellow. It does not kill the worm, but probably 
affects its vitality, causing it to migrate to the lower bowel. The dose is best 
prescribed with sugar and 3*6 gr. of calomel for an adult. It is more active 
in a mixture with castor oil such as : 

li Santonin .... gr.iv (0*259 grm.) 

01. ricin. .... 3iii (10*65 c.c.) 

Mucil. acac. .... Jiv (14*21 c.c.) 

Syrup, simp. . . - Si (3*55 c.c.) 

Aq. menth. pip. . . . Jiss (42*63 c.c.) 

This is taken after fasting in the morning. 

The symptoms of santonin intoxication are a green or yellow urine, if acid, 
purplish or red if alkaline. It may cause yellow vision, headache, vertigo, nausea, 
and even epileptiform convulsions, and it may produce irritation of the kidneys, 
with painful micturition and hsematuria. 

Oil of chenopodium {see p. 770) is sometimes more effective than 
santonin. It may be given in a mixture with liquid paraffin (one ounce) 
or in capsules. The maximum adult dose is 24 minims (1*421 c.c.), and 
is usually given in two portions of 12 minims each within a quarter of an 
liour. Capsules of oil of chenopodium usually contain three minims each of 
the drug. Eight of those should be given early in the morning, in two 
portions of four capsules each. 

Carbon tetrachloride (tetraform) is given as for ancylostomiasis, 
with the same precautions {see p. 770). It is given alone, in capsules, 
in syrup, or with hquid parafihn in doses of one drachm for an adult and 
proportionately less for children. It should be preceded the night before 
and followed by a dose of salts such as half an ounce of magnesium 
sulphate. 

Combined treatment, oil of chenopodium together with carbon 
tetrachloride, is the most efficacious in the Editor’s opinion. They may 
be given together in a mixture, as in ancylostomiasis, but it is probably 
best to give the carbon tetrachloride on one day, and the oil of chenopodium 
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on the following. The worms, when expelled, are always dead and some- 
times disintegrated. It is important to warn the patient that they may 
not appear in the dejecta for two, or even three days, after completion 
of the treatment. Fatalities from carbon tetrachloride treatment have 
been reported. In ascaris cases they may be due to blockage of the 
bowel or of the bile-ducts by masses of dead worms. 

Hexylresorcinol. — In America this drug has recently come into 
favour as a vermifuge for ascaris. Crystals in gelatin capsules or sugar- 
coated pills are given by the mouth in doses varying from 0*1 to 1 grrn. 
three times daily, according to the age of the patient (0-1 grin, for each 
year up to ten). The drug should be given on an empty stomach and 
should be followed by a saline purge. 

Prophylaxis. — The prophylaxiasis of ascaris is essentially one of efficient 
sanitation, and the same principles apply as in ancylostomiasis. Vegetables 
grown by native gardeners who use night soil as manure form an important 
source of infection. Eivieran, a coal-tar pr(‘paration containing organically 
combined sulphur, has been found effective in killing off ascaris eggs, 
and is useful for latrines in the tropics. Ascaris prevalence constitutes 
the most sensitive measure of efficient sanitation. Only when 100 per 
cent, of the population use latrines regularly can any appreciable effect 
on the amount of ascaris infection be observed. 

Phenoihiazine (thio-diphenyl-amine) a thiazine dye, which has been widely 
employed in veterinary medicine, kills the ascarides, which are stained red by 
the drug. The dye is mostly excreted in the urine, which is tinged red. The 
dose for an adult man is about 8 grm. and should be followed by a dose of sodium 
sulphate. Phenothiazine must not be exhibited to children in whom it may 
produce severe ansemia. 

II. ANCYLOSTOMIASISi 

Synonyms. Uncinariasis ; Hookworm Disease ; Egyptian Chlorosis. 

Definition. — A disease in its more pronounced forms characterized 
by great anaemia, debility, and cardiac incompetences due to blood 
destruction by Ancylostoma diuodenole and Necator ainericanus^ nematodes 
which inhabit the small intestine, and may be present in enormous numbers. 
The ancylostome amounts to a positive curse in many tropical countries, 
on account of the dangerous cachexia — ancylostomiasis — to which it 
gives rise. 

History. — The worm, now known as Ancylostomu duodenaky was first 
recognized by Dubini in 1838, and in 1843 he published a detailed account of 
it, but apparently did not recognize its pathogenic importance. Bilharz (1863) 
and Griesinger (1854) connected the parasite with the extremely severe chlorosis 
prevalent in Egypt, but it was not until the very fatal epidemic of anajraia 
among the miners in the St. Gothard Tunnel (in 1880) had called the attention 
of European observers to the subject that the importance of this parasite as 
a pathogenic agent began to be properly apprehended. 

Geographical distribution. — The ancylostome has been found so 
widely diffused that it may be said to occur in all tropical and subtropical 

> A bibliopnraphy on this disease lias been published in a volume by the Ilockeleller Foundation 

International Health Board. Publication No. 11. 
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countries. It occurs in Belgium, and was found by Haldane to be the 
cause of an epidemic of severe anaemia in a Cornish mine. In northern 
countries it is rare ; but it is abundantly present in the south of Europe, 
and in the tropical and subtropical regions of Asia and America. It is 
especially prevalent in Egypt, Siam, South China, and Malaya. In India, 
Ceylon, and the East Indies it is a source of grave disability in plantations, 
mines, etc. It occurs abundantly on most of the Pacific islands, and 
exists in North and South Queensland. 

Etiology (Fig. 184). — The normal habitat of A» duodenale is the small 
intestine of man, and particularly the jejunum ; less so the duodenum, rarely 
the ileum or lower reaches of the alimentary canal ; very occasionally, it is found 
in the stomach. In these situations it attaches itself by means of its powerful 
buccal armature to the mucous membrane, from the blood of which it obtains 
a plentiful supply of nourishment. It is supposed to shift its hold from time 
to time, the abandoned bite continuing to ooze blood for a short period. It 
is said to be very prodigal of the blood it imbibes, the red corpuscles passing 
through its alimentary canal unchanged, and the plasma alone being utilized. 



Fig. 184. — Aficylostoma duodenale. 

Nat. size. {Thihini.) 

a, Male ; fc, female. 

The male and female ancylostomes — present generally in the proportion of 
one of the former to three of the latter — do not differ so much in size as do many 
of the other nemntodes. The male (Fig. 184. a) measures 8-11 mm. by 0*4-0-5 
mm. ; the female (Fig. 184, b) 10-13 mm. by 0-6 mm. 

Necutor americanus closely resembles A, duodenale, but is shorter and more 
slender (see Appendix, p. 912). At first it was thought to be confined to the 
American continent, but it has been found by Looss and others in pygmies 
from Central Africa, and by others again in Rhodesia, India, Ceylon, Fiji, the 
Philippines, and elsewhere. Near Darjeeling in India it is found as a pure 
infection (Lane), whilst in Egypt A, duodenale occurs alone. 

The life history of these two parasites is identical. 

BeprodticHon and mode of injection . — The female ancylostomes produce 
a prodigious and never-ending stream of eggs, which pass out in the feces. 
In the body of the host the development of the embryo within the egg 
does not advance very far ; but on leaving the human host it proceeds, 
in suitable circumstances, so rapidly in the egg that in one or two days a 
rhabditiform embryo is hatched. This minute organism is very active, 
voraciously devouring what organic matter it can find and, for a week, 
grows rapidly and moults twice. After the second moulting it passes 
into a torpid condition, in which it ceases to eat, and growth is suspended. 
In this state it may live for weeks or months, moving about more or less 
languidly in mud, or iii damp earth, but it is rapidly killed by drying. 
It is said that it may also enter drops of dew on blades of grass. Cort 
and others demonstrated that the larvsB lose their sheaths while living in 
the soil, and continue to exist unsheathed. Arrived in its final host, 
after moulting again at the end of five weeks, it acquires sexual characters 
and the permanent adult form. 
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Infection is aided by indiscriminate defsecation, moist loamy soil, 
adequate shade and bare feet. There is special danger in badly-used or 
badly-constructed latrines and infected soils in plantations and gardens. 

Looss demonstrated that the larvae reach the intestinal canal by boring 
their way through the skin. From the subcutaneous tissue they enter 
the blood-vessels and lymphatics, and by this channel are passively 
transferred to the lungs. Here they leave the capillaries, enter the air- 
vesicles, and thence along the bronchi and trachea pass into the oesophagus, 
and so to the stomach. 

The duration of the life of duodenale in the intestine has not been 
determined ; some state it in months, others in years (Sonsino) — one to 
three. On account of liability to reinfection, this point — an important 
one in prognosis — is difl&cult to determine. 

The exact number of ancylostomes necessary to produce symptoms 
has exercised much attention. Some consider that 100 are necessary to 
produce pathogenic effects and that 500 to 1,000 worms must be present 
for at least six months to produce well-marked hookworm disease. Others 
believe that very few ancylostomes, ten or so, may affect the general 
health and workmg powers. 

According to Lane, the egg-laying capacity of a single female ancylostome 
is about 30 eggs per c.c. content of faeces per diem. Sweet, as the result of 
his studies in Ceylon, concluded that the average Cingalese has an intensity 
rate of hookworm infection of 2,200 eggs per grm. “ basis-formed faeces,’’ or 
as representing approximately one hundred ancylostomes. It is estimated 
that 63 per cent, of people have what is classified as“ hookworm disease,” the 
remainder being merely “ carriers of worms.” 

In four persons from whom the worms were recovered, the average egg-output 
per day for each female worm was 28,080. Relatively it appears that the egg- 
count falls as the worm-count rises. 

Pathology. — The exact r61e of the ancylostome worm in the production 
of anssmia is by no means settled. The following theories have been put forward 
of the causation of anaemia : 

(а) Chronic loss of blood. ^ 

(б) Absorption of specific toxin. 

(c) External conditions, such as diet and general hygiene. 

(d) The damaged gut may play a r61e through repeatedly renewed 
bacterial itffection. 

On the whole, evidence points to the dietetic factor ais playing the chief 
part in the reaction of the human body to this infection. As already mentioned, 
the bodies of the victims of ancylostomiasis are not wasted ; on the contrary, 
there is plenty of fat in the usual situations. The appearance of plumpness is 
further increaised by a greater or lesser amount of general oedema. There may 
be effusions in one or more of the serous cavities. All the organs are ansemic. 
The heart is dilated and flabby, its muscular tissue being in a state of pronounced 
fatty degeneration. The liver also is fatty, and so are the kidneys. 

If the post-mortem examination be made within an hour or two of death, 
the ancylostomes, in numbers ranging from a few dozens up to many hundreds, 
wUl be found still attached by their mouths to the mucous surfaces of the lower 
part of the duodenum, of the jejunum, and perhaps of the upper part of the 
ileum ; but if the examination has been delayed for some hours the parasites 
will have loosed their hold, and are then found lying in the mucus coating the 
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inner surface of the bowel. Many small extravasations of blood — some fresh, 
others of long standing — are seen in the mucous membrane, a minute wound 
in the centre of each extravasation representing the point at which a parasite 
had been attached. Sometimes, blood-filled cavities, as large as filberts, are 
found in the mucosa, each cavity enclosing one or two worms and, probably, 
communicating by means of a small hole with the interior of the intestine. Old 
extravasations are indicated by punctiform pigmentation. Vesiculations and 
thickening of the mucosa may be evidence of a greater or lesser degree of catarrh. 
Occasionally, streaks or large clots of blood are found in the lumen of the bowel. 
The hookworms are thought to inject toxins from their oral glands ; they 
certainly secrete some anti-coagulant substance. The actual sucking of blood 
is the most important factor, added to the fact that the worms frequently move 
from spot to spot. The iron-grey colour of the worms is due to the deposition 
of hflemosiderin granules in their intestine ; sometimes they are red from freshly 
imbibed blood. 

In acute cases eosinophilia is high, but gradually diminishes. Achlorhydria 
is comparatively common. In the chronic form of the disease the Van den 
Bergh reaction is negative. The average red cell count is 2,900,000 per c.mm., 
and the hsemoglobin 37 per cent. (Haldane). The average diameter of the red 
cells is 7 *44 /X with reticulocytes less than 1 per cent. The haemoglobin deficiency 
is not really as gross as suggested, because there is considerable increase in 
blood volume and the reduction in total haemoglobin is much less than that 
suggested by the percentage figure. The average total blood-volume is 79*5 
c.c. per kg. body-weight (normal 85 c.c.) ; the average plasma volume in ancylo- 
stome anaemia is 62*6 c.c. per kg. (normal 60 c.c.), so that the diminution of the 
total blood -volume can be accounted for entirely by the diminution of the red 
blood-corpuscles. The blood-picture is therefore that of a secondary microcytic 
anaemia, which is to a great extent curable by iron therapy. 

Microscopical examination of the liver and kidneys shows the presence, within 
the cells of the parenchyma, of grains of yellow pigment having the reactions 
of haemosiderin. The bone marrow is hyperplastic : erythropoiesis being 
dominant. 

Symptoms. — There may be dozens of ancylostornes in the intestine 
without any appreciable anaemia, or, indeed, symptoms of any description 
whatsoever. Grave symptoms are the exception. It is important, there- 
fore, to avoid concluding that the ancylostome is the cause of every patho- 
logical condition with which it may chance to concur. 

On the other hand, many inhabitants of tropical and subtropical countries 
are in a state of chronic starvation. Living on coarse, bulky, innutritious 
food, they are liable to dilatation of the stomach and dyspeptic troubles. 
Any additional cause of malnutrition, such as a swarm of ancylostornes 
and a daily though perhaps small loss of blood, may be sufficient to turn 
the scale against them. In those countries, as elsewhere, there are many 
who live just on the borderland between health and disease ; to such 
the ancylostome may prove “ the last straw that breaks the camel’s 
back.” It is evident that, as a complication of typhoid, of kidney disease, 
of dysentery, of malaria, in fact of any chronic or exhausting disease, 
the importance of this anaBmia-producing parasite cannot be ignored. 

The practitioner in the tropics, therefore, must be constantly on the 
look-out, in all cases of anaemia, dyspepsia and debilitated conditions 
generally, for the ancylostome. He must bear in mind that this parasite, 
if permitted to remain in the intestine for a length of time, may be the 
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cause not only of remediable aneemia, but of irremediable anaemia-produced 
degenerations of various organs. On this account, also, its early recognition 
becomes a matter of the first importance. It has been pointed out by 
many observers that ancylostomiasis is the source of considerable surgical 
risk, not only in rendering the operative procedure more difficult, but also 
in retarding convalescence. It is also said to increase the risk of delayed 
chloroform poisoning. Whenever possible, anthelminthic treatment 
should be instituted before operation, especially laparotomy. 

Further, ancylostomiasis is an important disease from the standpoint 
of the employer of native labour. The invaliding and inefficiency which 
it causes among coolies, not to mention the deaths, are often a serious 
financial matter to the planter and the mineowner. To them any wisely 
directed expense or trouble undertaken for the treatment and control 
of this helminthiasis will be abundantly repaid by the increased efficiency 
of the labourer. 

The essential symptoms of ancylostomiasis are those of a progressive 
annomia — an anaemia which is generally associated with dyspeptic trouble, 
but which, in uncomplicated cases, is not associated with wasting. If 
the progress of a case be unchecked, serous effusions and fatty degeneration 
of the heart ensue, and death may occur from syncope or from intercurrent 
complication. (Edema may be localized, or there may be general anar- 
sarca. Most commonly it is confined to the face or legs. 

There is a decrease in the total plasma protein and plasma albumin, with 
increase of globulin. The albumin-globulin ratio is usually less than one. The 
oedema is due to reduction of colloidal osmotic pressure due to decrease of 
albumin, Inch, in turn, is the result of deficient absorption. 

Ground itch or ancylostome dermatitis is usually the first symptom 
noted {see p. 775), but one of the earlier is pain or uneasiness in the 
epigastrium. This is generally increased by pressure, but for the time 
may be relieved by food. In some people it may produce an acute and 
ever-present epigastric pain, which closely resembles duodenal ulcer and 
may often be mistaken for it. The appetite, sometimes defective, is more 
often ravenous, though its gratification is apt to give rise to dyspeptic 
trouble of various kinds — to colic, to borborygmi, and perhaps to 
diarrhma of imperfectly digested food. Constipation may be present 
in some instances, irregularity of the bowels in others. The taste may be 
perverted, some patients exhibiting and persistently gratifying an un- 
natural craving for such things as earth, mud, or lime — what is called pica 
or geopha(jy. The stools sometimes, though rarely, have a reddish-brown 
tinge from admixture of half-digested blood. Sometimes they may 
contain small flakes of blood-tinged mucus. Pure blood is seldom passed ; 
and an extensive hemorrhage, unless there be concurrent eohtis, is rare, 
although, post viortem, quantities may be found in the small intestine. In 
the quiescent period the occult blood test is positive. Fever of an irregular 
intermitting, or even a subcontinued type is common. On the other hand, 
the temperature may be constantly subnormal, or these conditions may 
alternate. After a longer or shorter time, symptoms of profound anaemia 
gradually disclose themselves. The mucous surfaces and the skin become 
pallid, the face is puffy, and the feet and ankles are swollen. . All the 
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subjective symptoms of a definite ansemia now become more and more 
apparent ; there are lassitude, breathlessness, palpitations, tinnitus, 
vertigo, dimness of vision, mental apathy and depression and liability to 
syncope. The circulation is irritable, and heemic bruits can be heard over 
the heart and larger blood-vessels. Ophthalmoscopic examination may 
reveal retinal hasmorrhages. 

Some of these symptoms, were it not that with the advancing anaemia 
there is no loss of weight, might suggest 


the possibility of tuberculous or cancerous 
disease or Bright’s disease. Though 
haemocytometric estimates testify to a 
slow and steady fall in the blood corpuscles 
until the lowest limit compatible with life 
is reached, there is no true poikilocytosis 
as in idiopathic pernicious anaemia, no 
excessive leucocytosis as in leucocythaemia, 
and not necessarily any enlargement of 
lymphatic glands, liver, or spleen. There 
is generally a marked eosinophilia of about 
7-14 per cent., though in rapidly fatal cases 
these cells tend to disappear. The depres- 
sion in the haemoglobin value of the cor- 
])uscl(‘s is considerably greater than the 
fall in their number. 

The rate of progress is very different 
in different cases. In some, a high degree 
of anaemia, and even death, may result 
within a few weeks or months of the 
appearance of tin* first symptoms. Such 
rapid cases are rare ; more frequently the 
dis(*as<* is exceedingly chronic, el)bing and 
bowing, or slowly progn'ssing, through 
a long 8(*ries of y(‘ars. Acut(* cases develop 
terminal diarrha‘a with passage of much 
mucus and, occasionally, blood, and are 
apt to be mistaken for various forms of 
dys(*ntery. 

Should such serious ancylostomiasis 
occur before puberty, the growth and 



development are apt to be delayed and Fig. 1 85.— Ancylostomiasis in a 


stunted (Fig. 185). 

There appears to be some reason for 
th(^ belief that after generations of 
exposure to this infection a certain degree 


South American Indian boy, 
showing stunted growth, char- 
acteristic facies, and protuberant 
abdomen. {Hy permission of 
th^ Hoc-kefsLler Foundation.) 


of tolerance is attained. 


It is not surprising that the severe nutritional changes associated with 
ancylostomiasis affect the mental powers of an afflicted population. 
Prolonged exposure in the European has led to the production of a race 
known as the “ mean white,” stunted both in mental and in physical 
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capacity. In Jamaica, in districts where the whole population suffers 
from ancylostomiasis, not only are the people intensely indolent, but 
they are also predisposed, on this account it is said, to larceny and other 
crimes. 

The practitioner in the tropics should always be on the look-out for 
subacute infections in Europeans on plantations and in mines. This 
does not apply solely to the men, but to their wives and children as well. 
Minor degrees of anaemia, an undue tendency to fatigue, lassitude and 
digestive disturbances are to be ascribed to this infection, even where, from 
the habits of the patients, it might not be suspected. In Europeans un- 
doubtedly the. infection may take place via the mouth and alimentary tract, 
but European children who are apt to play in sand, often used as a site for 
defascation by natives, become infected in the usual way, via the skin. 

Ancylostomiasis and pregnancy. — Wickramasriya found that hook- 
worm disease exerts a deleterious influence on pregnancy, and that in 
heavily infected districts it is the most common cause of repeated abortions 
and miscarriage. Moreover, a heavy maternal and foetal mortality is 
associated with it, and early interruptions of pregnancy and neonatal 
deaths are also included among its effects ; it is estimated that the combined 
foetal and infantile mortality from this cause is almost 60 per cent. In the 
abs^nce of skilled treatment, the chances of a successful pregnancy are 
remote if the hsemoglobin percentage has fallen below 60 at the com- 
mencement. Women who are heavily infected show a predisposition to 
toxaemias, such as pre-eclampsia and nephritic toxaemia. 

Impaired renal function is an outstanding feature in the majority of 
expectant mothers suffering from ancylostomiasis. They must be regarded 
as persons with a lowered renal reserve who may enter into the stage of 
“ decompensated impairment of renal function ’* with the onset of gestation. 
There exists great danger of death from post-parturn shock, if the hasmo- 
globin percentage has fallen to 30 or under at the. time of labour. Fisk 
found numbers of A, duodenale in the intestine of a child a month old who 
died of this infection. % 

Diagnosis. — Provided it is suspected, ancylostomiasis is easily 
diagnosed. In tropical countries, in patients coming from tropical 
countries, and in miners who work in very warm mines in cooler climates, 
aknaemia with concurrent eosinophilia should always si^ggest a microscopical 
examination of the faeces {see Appendix, p. 1006). If the eggs of A, 
duodenale or of N. americanus are discovered, and no other reason for 
the anaemia is made out, the presumption is that one or the other of these 
parasites is responsible ; at all events, no harm is likely to result from 
treatment based on this supposition. On the other hand, if no eggs are 
found it must not be concluded that the case is not one of ancylostomiasis ; 
for sometimes, in the later stages of the disease, symptoms will persist 
although the paurasites which caused them in the first instance have 
disappeared spontaneously, or have been got rid of by treatment. The 
usual method of diagnosis by microscopic examination of simple smears 
of stools does not convey a quantitative idea of the severity of the infection. 
The grade of infection runs from one to a thousand or more worms. Fsscal 
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diagnosis has been rendered more accurate by the method of Clayton Lane, 
known as the flotation concentration technique (see pp. 916, lOOS). In the 
majority of oases a test for occult blood in the faeces is positive, and 
Charcot-Leyden crystals are frequently found. 

Treatment 

General statement. — Several forms of treatment have been intro- 
duced for killing and expelling the ancylostome worms. These drugs 
necessarily contain a toxic principle, and considerable care should be 
exercised in their administration. Attention must be paid to details. 
The treatments will be placed in their chronological order. 

I. Thymol (C 6 H 8 (CH 3 ) (OH)C 3 H 7 l) was introduced by Bozzolo in 1880. 
It is a phenol obtained from the oils of Thymus vulgaris (and other plants) and 
consists of large transparent crystals, slightly soluble in water and freely 
soluble in fats, oils, and alcohol. The amount of thymol absorbed depends 
upon the presence of these substances. If absorbed in excessive quantity, 
thymol may cause toxic effects, and death, preceded by a progressive fall in 
blood pressure. Some 39-40 per cent, of the absorbed thymol is excreted in 
the urine. 

Dosage, — An adult man, 60 gr. of thymol ; an adult woman, 45 gr. ; in preg- 
nancy, 30 gr. not to be given more than once a week. In advanced ancylos- 
tomiasis, with grave debility, it must be used with great caution. 

Proportionate dosage, — For children under five, 8 gr. (0-51 grm.) ; 5-10 years, 
15 gr. (0-97 grm.) ; 10-15 years, 30 gr. (1 *943 grm.) ; 15-20 years, 45 gr. (2-915 
grm.). 

Thymol is best given in rice-paj)er cachets, in three doses of 20 gr. each, at 
intervals of an hour. Before its administration the patient should be put on 
liquid diet for a day, and have the bowels well cleared out by a saline aperient. 
It should be given on an empty stomach. If the bowels do not open spontaneously 
within four or five hours of the last dose, an aperient should be given. Usually, 
many ancylostomes are expelled and may be found in the motions. One such 
course of thymol may suffice ; but it is well, after a week has elapsed, again 
to examine the stools microscopically, and, if it be found that eggs are still 
being passed, to repeat the course of thymol once, or oftener. 

Certain precautions have to be observed in employing this drug. In some 
cases, after the exhibition of thymol, the urine on standing becomes dusk 3 % 
almost black, and reduces Fehling on prolonged boiling ; this is probably due 
to hydroquinone. At times it gives rise to a very unpleasant form of intoxica- 
tion with vertigo and excitement. It is advisable, therefore, for the patient, 
w hile taking the drug, to keep his bed, and to lie down for several hours after 
the last dose. Thymol is very insoluble in water, and is consequently^ in 
ordinary circumstances, not readily absorbed in poiscmous quantities ; should, 
however, the patient, while thymol is present in the stomach, partake of any 
alcoholic drink, there is considerable risk of his being poisoned. Alcohol, ether, 
glycerin, turpentine, chloroform and oils are all solvents of thymol, and must 
therefore be avoided when this drug is being exhibited. 

The treatment of thymol poisoning consists of washing out the stomach with 
warm water and of giving emollients to prevent or reduce corrosion. Stimulants, 
such as atropine, strychnine, digitalis or strong coffee, are useful in overcoming 
the depression of the respiratory and circulatory symptoms. Artificial respiration 
may have to be resort^ to. 

Without careful preparation by rest and judicious feeding, thymol must on 
no account be used in advanced cases of ancylostomiasis, or where prostration 
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is extreme. It is contra-indicated in gastritis, dysentery, nephritis and active 
heart disease. 

II. Beta-naphthol (CiqH^OH) is given in much the same manner as thymol. 
The dose is 3-1 0 gr. (0-2-0-65 grm.). It is slightly soluble in cold water ( 1 in 1000), 
more soluble in boiUng water in a dilution of 1 in 75 ; readily soluble in alcohol, 
ohve oil and ether. In ordinary anthelmintic doses it produces hardly any 
noticeable symptoms, but in bigger doses it exerts an irritative action on the 
kidneys and may give rise to acute inflammation. The maximum tolerated 
dose is 40 gr. (2-59 grm.). 

III. Oil of chenopodium (Chenopodiuvi anthelrninficum — goose- 
foot, woriiiseed, “Jerusalem Oak “). The active principle against ancy- 
lostoines or ascarides is ascaridole (46-70 per cent.), CioHie02, which is 
unstable, but which in 1 in 10,000 of oil kills the worms. It has a sharp, 
burning, nauseating taste, and is put up in hard gelatin capsules. The ab- 
sorption of this substance is very rapid, and in toxic doses, it causes depres- 
sion of the respiratory centres. Excretion of ascaridole takes place mainly 
through the lungs. It is to be used with caution in cases with cardiac, 
hepatic, or visual disorders, and is definitely contra-indicated in pregnancy, 
nephritis, organic heart disease, hepatic dysfunction and intestinal ulcera- 
tion. The maximum dose which can be given with safety is 3 c.c. in thrt^e 
gelatin capsules of 1 c.c. each at intervals of one hour. It is well tolerated 
by healthy individuals in hospital. For routine the dose is 1*5 c.c. (24 
min.) in capsules containing 3 minims (0*177 c.c.) each. Eight of these 
capsules should be given — in two lots of four capsules at an interval of 
half an hour. For children, the dose should be 1 min. for each year of 
age up to 16. The drug should be administered three hours after a light 
meal. A quarter of an hour after it a strong saline purge (sodii sulph. ^ oz.) 
is given, with the object not only of washing the unabsorbed portion of the 
drug out of the intestine, but also of expelling the partially paralysed 
worms. Some prefer castor oil, but others consider that it tends to increase 
the absorption and add to the toxicity. A repetition of oil of chenopodium 
treatment should not be undertaken in less than a'^week. 

Probably oil of chenopodium is more effective against Necator atmricanits 
than against A, dvodenale. 

IV. Carbon tetrachloride (CCI4 — tetroMorniethanei ietrajorm), a drug 
closely alhed to chloroform, was originally introduced by Hall as a 
vermifuge and has been found suitable for the mass treatment of 
ancylostomiasis . 

It is used as a solvent in rubber, chemical, pharmaceutical and paint industries, 
as a cleansing agent, as fire-extinguisher, insecticide sprays and soap solutions. 
It has also been used as a hair shampoo. It is a colourless, volatile, chloroform- 
like liquid with a pleasant quince-like odour and a specific gravity of 1-6. It is 
slightly soluble in water, and freely miscible in alcohol, oils, and other substances. 
When manufactured by direct chlorination of carbon bisulphide, it may contain 
traces of the latter drug. It exerts a preliminary burning effect on the mucous 
membrane, followed by anaesthetization. On exposure to light and air, carbon 
tetrachloride slowly oxidizes with the formation of poisonous substances, phosgene 
01 carbonyl chloride (COCT 2 ),and it should therefore be kept in dark and tightly 
stoppered bottles. Absorption occurs from the stomach and intestines, but after 
large doses most of the drug is passed out in the faeces, combined with fats and 
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fatty acids. Absorption in the body is by the lymphatic and portal routes, pro- 
ducing dizziness and drowsiness. Absorption may be followed by signs of liver 
damage ; jaundice may be seen on thejsecond day after administration. Calcium 
chloride in full doses has a marked effect in controlling toxic symptoms. Acute 
carbon tetrachloride poisoning produces a board -like rigidity of the abdominal wall, 
and may resemble an acute abdomen, but the more usual signs are those of acute 
liver necrosis which may simulate yellow fever. Chronic poisoning resembles delayed 
chloroform poisoning with nephritis, oliguria, jaundice, vomiting and diarrhoea. 

In ordinary anthelmintic doses the hepatic injury is not sufficient to produce 
noticeable effects, but toxic signs are specially noticeable when there is con- 
tamination with ethylene dichloride. Continued small doses may produce 
hepatic cirrhosis. Recent work indicates that the loss of ionized calcium and 
retention of guanidine are factors in the intoxication, interfering with normal 
metabolism. Guanidine accumulates in the blood. Indications are, therefore, 
for a diet rich in calcium and carbohydrates, though poor in fats and proteins. 
Alcohol must be avoided. Where any anxiety on behalf of the patient is aroused, 
glucose, one drachm, frequently by the mouth or in 5 per cent, intravenous 
injections, is indicated. It is also useful to administer calcium lactate in full 
(30 gr.) doses the day before treatment to increase the calcium content. Calcium 
chloride is useful in controlling symptoms. Rest in bed is not absolutely essential, 
though advisable in enfeebled persons. The after-symptoms are drowsiness, 
giddiness and headache. Toxic amblyopia has been recorded. 

Carbon tetrachloride acts directly on the helminths and will remove 95-99 
per cent, of all Nemior americanus in a single treatment, but is less effective for 
A, duodenale. 

The dose for an adult is 1 dr. (3*5 c.c.) taken in hard gelatin -coated capsules, 
each containing 30 min. (1*776 c.c.) of carbon tetrachloride , after a partial 
fast of eighteen hours without preliminary purgation. A saline purge (sodii 
sulph., I oz.) is necessary 15-20 minutes after the drug, and an enema of hot 
water is usually required to empty the bowel. The treatment is best commenced 
at 8 a.m. and oue-half of the total dose is taken after a quarter of an hour interval. 
The drug can be given to pregnant women, in whom oil of chenopodium is contra- 
indicated. The minimal dose for children is 3 min. (0*2 c.c.) and it should he 
increased by that amount for each year of age up to maturit3^ Many clinicians 
find it pleasanter and safer to give the aperient together with carbon tetra- 
chloride, 3 C.C., in castor oil, 15 c.c. 

It is important to note that not all the dead ancylostome worms are found in the 
first stool passed; they may continue to appear for three days after treahnent. 
Similarly, the eggs of the parasite are held up in the folds of the intestinal 
mucosa and can be found in the faeces for at least a week after effective treatment 
has been completed. 

Trichlorethylene (CH(3 : CClj) in doses of one drachm (3*55 c.c.), which 
has a pleasanter taste and odour than carbon tetrachloride, is equall^^ potent 
and safe, and is given the same way. On exposure to light, phosgene is apt 
to be generated, and this drug should always he stored in amber-tinted ampoules. 
If inhaled in an unrefined state, it acts as a lung irritant. The refined product 
trilene is used as an anaesthetic. 

Tetrachlorethylene (C2CI4) is soluble to the extent qf 1 part in 1 0,900 of 
water. It is preferred to carbon tetrachloride by many, as having a pleasanter 
taste and being equally potent and safe. It has been given by Soper to adults 
in doses of 1*6 c.c. combined with 0*8 c.c. of oil of chenopodium. Maplestone 
gives 4 c.c. to men under 140 lbs. in weight. It may be given without excipient 
and may be mixed directly with a purgative, such as sodium sulphate. The 
dose for children is 2 c.c. 
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V, Combined treatment. — It is generally admitted that combined 
treatment with carbon tetrachloride and oil of chenopodium is more 
efficacious than the use of either drug alone. The two mix readily. The 
dose recommended is 2 c.c. (min. 34) of carbon tetrachloride with 1 c.c. 
(min. 17) of oil of chenopodium made up to 28*42 c.c. (one fluid ounce) 
in liquid paraffin. The same precautions being taken, it may be given 
in one dose or in two halves. Carbon tetrachloride and oil of chenopodium 

• treatment can also be given on two consecutive days. Sodium sulphate, 
J oz. in a tumblerful of water, should be taken one hour afterwards. 
Bedermin is a preparation which conveniently contains both oil of cheno- 
podium and carbon tetrachloride. 

The following is a practical and easily tolerated method of administering 
both drugs : 

(1) Starve overnight. 

(2) 8.30 A.M. : 2 capsules (gelatin) of oil of chenopodium of 7*5 mins. each. 

(3) 8.45 A.M. ; carbon tetrachloride, 40 rains. (Four capsules of 10 
mins, each.) 

(4) 9.0 A.M. : mag. sulph. 4 drachms in water. Stools should become liquid 
within four to sixteen hours. If not, mag. sulph. must be repeated. 

Ancylostome eggs may be passed in the fseces for six days after effective 
treatment. If they persist beyond this period, the course should be 
repeated. 

It is hardly possible to get natives into hospital for treatment, so that 
systems of treatment to be completed at one sitting may have to be devised, 
e.g., the anthelmintic may be followed in half an hour or so by a dose of 
salts. 

VI. Hexylresorcinol, 1 : 3 dihydroxy-4-hexylbenzol, is a white, 
waxy, crystalline substance, sparingly soluble in water, but exceedingly 
so in alcohol or vegetable oils. Introduced as an anthelmintic by Lawson, 
Ward and Brown, it is given in hard gelatin capsules or crystoids. 

Give a light evening meal consisting of soft foods only, and the following 
morning give the dose on an empty stomach. The dosage for adults and children 
over twelve years of age is 6 pills ; for children of eight to twelve years, 4 pills ; 
six to eight years, 3 pills ; under six years, 2 pills, 0*2 grm (3 gr.) each, with a 
glass of water. No food of any kind should he taken for at least four hours after 
treatment. Water may be taken freely, but alcohol is definitely contra-indicated. 
The patient may go about his usual occujiation immediately after treatment and 
eat what he likes at the end of four or five hours. A saline purge should be given 
‘ twenty -four hours after treatment to remove the dead worms. 1 he patient may 
continue to pass worms for as long as ten days or two weeks after this single dose. 
If instructions as to food are carefully followed, one dose is usually sufficient. 

Re-treatment is sometimes necessary because of re-infection, or because the 
patient has not followed instructions about food. Treatment should only be 
repeated after two weeks, if eggs are still present in the fsBCes. Unlike most 
anthelmintics, this product will successfully eliminate roundworms {Ascaris 
lumhricoides), hookworms and possibly also threadworms. 

In crystoids the crystalline hexylr^rcinol is gelatin-covered. If the gelatin 
covering becomes broken the drug may cause irritation to oral and oesophageal 
tissues. To avoid this, the crystoids mttai be swaUowed whole with a glass of 
water ; under no circumstances must the patient crush or chew them. 
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VIL Oil of eucalyptus, 30 min. (1*77 c.c.), chloroform, 45 min. (2.66 
C.C.), and castor oil, 10 dr. (35-5 c.c.), one-half first thing in the morning, 
the other half thirty minutes later, was first employed by Manson as an 
efficient vermifuge in ancylostomiasis. It can be repeated for several days 
in succession, and can be used with advantage as an alternative to other 
treatments. 

Convalescence. — The dieting of convalescents from serious ancylostome 
disease must, for a time, be very carefully conducted. A rich, fufi dietary 
is to be avoided until the powers of digestion have become re-established ; 
otherwise, enteritis and diarrhoea may prove very troublesome and retard 
recovery. The ansemia responds to large doses of iron — ferrous sulphate — 
in doses of 24-36 gr. daily for three weeks, or even longer. Azmy and 
Zanaty recommend small blood transfusions, 200-800 c.c., which induce 
an increase of polymorphonuclear leucocytes and red blood corpuscles. 

In cases of severe ansBinia it may be wise to give a preliminary course 
of iron, with a generous and balanced diet, before administering the 
anthelmintic; in these cases full doses of carbon tetrachloride should be 
given with caution ; it may be better to give a dose well below the toxic 
level and to repeat it as the patient becomes stronger. 

Prophylaxis. — In devising a system of prophylaxis for ancylostomiasis, 
the fact that it is by means of the fsBces of the already infected that the 
parasite is spread must be kept prominently in view. Faecal contamination 
of the soil and water must therefore be prevented. The promiscuous 
deposition of faeces about huts, villages, and fields must be interdicted. 
Tea, coffee, cocoa, banana, rubber and citrus plantations, by reason of 
the intensive cultivation required, are potent sources of infection. 
Abundant and easily accessible latrine accommodation must be provided 
in coolie lines, in miners’ camps, in native villages, and along the highways 
of traffic. The Chinese plan of storing night-soil for months in large, 
cemented, water-tight pits is a good one. It is known that, if the eggs 
of the ancylostome are kept in pure faeces, the embryo is developed and 
escapes from the eggs in due course ; but it is also known that unless 
the larva be supplied with a certain amount of air and earth it soon dies. 
The thing to be avoided, therefore, is the mixing of jresh faces with 
earth. Conditions of warmth, moisture and shade favour infection, 
but the infective stages of ancylostome larva are killed in a few minutes 
by direct sunhght. By the Chinese system the embryos of the ancylostome 
larva are killed and, at the same time, a valuable fertilizer is secured for the 
a^culturist. The presence of standing water is an advantage as it 
dilutes the bacterial food of the larva and they cannot feed in water. 
A rise in temperature increases activity of the larva, which use up the 
food reserves, so that in the tropics they rarely survive longer than six 
to eight weeks. ^ 

It is manifest that, in devising privies and sanitary regulations, the 
habits of the people they are intended to benefit must taken into 
account ; if native habits and prejudices are ignored, any system, no 
matter how perfect it may be in theory, will fail in practice. In America, 
intensive mass treatment after the installation of satisfactory latrines 
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has been found most effective. The provision of a fool-proof latrine 
for natives is the chief difficulty. So far the “ bored-hole ” latrine, 16 ins. 
in diameter, has proved most acceptable. This is deep enough to prevent 
migration of hookworm larvae, produces no odour and does not encourage 
fly breeding, but it must have a concrete or pressed steel squatting plate. 

The water supply should also be carefully guarded from all possible 
sources of faecal contamination. Drinking-water, unless above suspicion, 
should be boiled or strained. So far as possible, facilities for removing 
all earth' and mud from the hands and dishes before food is taken should 
also be provided and their use encouraged. Badly contaminated ground 
had better be abandoned. The systematic periodical inspection of 
plantation coolies is recommended. At these inspections all subjects of 
aneernia or dyspepsia should be put aside for more careful examination ; 
if the eggs of ancylostomes are found in their faeces, a judicious dosing 
vith some of the drugs mentioned may avert serious disease in the 
individual, and also prevent him from becoming a source of danger to 
his companions. 

Until a few years ago, efforts at the prevention of ancylostomiasis 
were directed towards treating the surface of the soil, but recent work 
has shown that the ancylostome larvae spend a considerable part of their 
life in the deeper layers. 

Therefore a most important factor underlying efficient prophylaxis of 
ancylostomiasis in a community is the life-span of the infective larva 
during its existence in a free state in the soil. Practical experience gained 
by the directing authorities in the “ hookworm campaign ” suggests that 
this is much longer than experimental evidence indicates. According to 
Port, Augustine and Payne, the life of the infective larva under these 
conditions does not exc(‘ed six weeks, and during that time it does not 
wander outside a 4-in. radius in a lateral direction, but can migrate to the 
surface from a depth of 36 in. Baermarm showed that the larvae may be 
recovered with ease from soil thought to be^ infective ; the technique 
consists in placing the suspected soil in a receptacle, together with a 
quantity of water ; the larv^ae then rapidly migrate into the fluid, wht^e 
they can be found and recognized. 

Education of children in schools by means of diagrams and instructional 
films plays an important part in health propaganda in the United States. In 
South America it is noted that, although children wear shoes at school, where 
the chance of infection is not great, they commonly run barefoot at home, where 
infection is likely to be acquired. NichoUs recommended common salt as a 
prophylactic agent of some potency. It has the advantages of being cheap 
and, as a rule, easily obtainable. It has an injurious effect upon the larvae, 
but requires to be brought into very intimate contact ; mere sprinkling is futile. 
Solid salt, however, when sprinkled on faeces, does not penetrate the mass for 
forty-eight hours. 

In view of the great danger to health that exists in certain countries 
from this and similar parasites, the sanitary authorities in such places 
ought to circulate among the people, by means of printed leaflets or 
posters, a few simple directions for the prevention of ancylostomiasis. 

Clayton Lane estimated that out of 815 million inhabitants of British 
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India, 46 million wage-earners were subjects of ancylostomiasis. Employers 
of labour in the Darjeeling district computed that the labourer’s earning 
capacity when freed from this disease is increased by 25-50 per cent. 

An energetic and many-sided campaign against the hookworm was 
waged in the United States, Asia, and Africa, financed by Mr. Rockefeller. 
State and county dispensaries for free examination and treatment of 
applicants were established. The total number treated in 11 States in 
IM 2 was 238,755. A commission worked for a number of years, and 
treated 893,656 people at a cost of a little over a dollar per head. The 
reports issued by the Commission contain most valuable statistics, of 
which a few may be quoted. In Panama, in 1916, 30,094 persons were 
examined, and 80*4 per cent, found infected ; of these, 98*2 per cent, 
received treatment and 49*9 per cent, were cured. In Antigua, of the 
total population, 98*8 per cent, were examined, and 29*8 p(^r cent, found 
to be infected ; treatment was given to 92 per cent, of the infected people, 
and 96 per cent, of these were cured. In* British Guiana, out of 3,900 
infected natives, only 8*6 per cent, remained as foci of infection at the 
end of the campaign. In Ceylon, of 4,567 tea-plantation coolies, no less 
than 95*6 per cent, were found infected. Nevertheless, unless constant 
preventive measures are maintained, mass treatment is not likely to be 
very successful in prevention. A few infected persons may soon re-infect 
a population, if the old bad habits are retained. 

Darling thought that, as the agricultural and mining population wnthin 
the tropics is so universally infected with hookworm, the detection of 
individual infections by microscopical examination was no longer necessary. 
The population should be treated en masse by an intensive method. The 
sanitarian should remember that an individual may be infected, yet not 
“ affected ” by the disease. Hence, apparently healthy persons constitute 
a danger to the community. 

Ancylostome Dermatitis 

A form of dermatitis affecting the feet of coolies on plantations in 
Assam, in the West Indies, and probably elsew^here in the tropics, is 
ascribed to the penetration of the skin by ancylostome larvae, and precedes 
by two to four months the generalized symptoms of ancylostomiasis. 
The disease is of much economic importance to the planter, and is variously 
knowm as ground itch, pani-ghao (Assam), water itch, water-pox, water 
sores, sore feet of coolies, cow itch (Queensland), sabahones (Venezuela), 
candelillas (Colombia), chauffie (Grenada) and mazamorra (Porto Rico). 

The soil in the neighbourhood of coolie lines is extensively contaminated 
by feecal matter. The bare feet of the coolies are constantly soiled with 
this larva-laden earth ; and in this way, in many tropical plantations, 
Looss’s experiment is unintentionally carried out on a large scale. 
Dermatitis, vesiculation, and may be pustulation^ or even extensive 
ulceration, and probably ancylostomiasis anaemia, ensue. A condition 
resembling larva migrans {see p. 804) is often produced by allied species 
i.e. Ancyhstovia braziliense and A, caninum of the dog. The services of 
the affected coolie are lost to the planter until the irritation subsides and 
the anfiBinia is cured. 
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Fiillebom published the most complete account of this subject (1932). He 
pointed out that the ancylostome larvae can only enter the skin v hen the soil 
conditions are favourable. They cannot enter through water alone, nor can 
they readily bore through the hard skin of the sole of the foot ; they paas less 
easily through the tough skin of the negro than the soft epidermis of the European. 
It was shown by Khalil that the presence of a suitable host has no special 
attraction to the larvae, but they are attracted by warmth (thermotaxie). The 
appearance of the skin lesions is dependent upon the number of invading larvae. 
As SchufiFner showed, the inboring larvae first form a red point, and soon a small 
blister forms in which the larvae can be demonstrated in sections, and the irritation 
of the skin is noted after some twenty minutes. Probably, the entrance of the 
larvae also causes opportunities for the ingress of bacteria with formation of 
blebs and pustules, and this is the real “ ground itch.” It is by no means 
proven that ground itch is invariably ancylostome dermatitis, for it is not found 
in Eg\^pt where this disease is rife. 

Personal cleanliness and the use of some form of foot coverin^y during 
the wet season, together with the prophylactic procedures for ancylosto- 
miasis, are the special preventive measures indicated against this disease. 
Coolies working on irrigated land should be provided, if possible, with 
high, well-fitting boots. Antiseptic foot-baths and some soothing ointment 
are indicated. Treatment with drugs is best effected with strong salicylic 
solution in collodion or methyl alcohol. Barlow reconiinended 3 per cent, 
salicylic acid in ethyl alcohol. 

III. CESTODIASIS 

The tapeworms, Tcenia saginafxi and T. solium and their cystic forms 
are common enough in the tropics and subtropics, their distribution being 
regulated by the presence or absence of their appropriate intermediary 
hosts — the ox in the one case, the pig in the other — and by the habits of 
the population in cooking and conservancy. 

The broad tapeworm (Diphyllobothrinm l^atuni) occurs in Norway, 
Sweden, Russia, Turkestan, Japan (where the natives eat raw fish), 
Lake Michigan, Madagascar, and on the shores of Lake Ngami, South 
Africa. 

The very severe degree of anaemia, referred to with almost wearying persistence 
in textbooks, is not seen in tropical practicje in association with this parasite. 
Natural and experimental infections have been studied in w hich no blood-changes 
can be found. 

The cestodes of man which have any claim to be regarded as special 
to warm climates are Hynienolepis nana, Diphyllobothrium viansoni, and 
Spiromeirn mansonioides. 

Treatment of Tapeworm Infestations 

General statement. — Preliminary starvation appears to be necessary 
for two days. On each of those sodii sulph. ^ oz., or castor oil | oz., should 
be given to clear out the bowel ; the food should be restricted to weak 
tea, toast and unlimited amounts of lemonade and glucose D. A mixture 
to clear the bowel of mucus is useful, such as : 
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Ammon, chlor. . 
Tinct. limon. 
Spirit, chlorof. . 
Aq. ad 


. gr.xv (0-972 grm.) 
. IT^xliv (2-6 c.c.) 

. n\x (0-692 c.c.) 

. 5ss (14-21 c.c.) 


I. Filix-mas treatment. — Filix-mas is the rhizome of the male fern " 
it contains 6-8 per cent, of filicic acid (fllicin), and a variable amount of 
aspidin ; bofch these substances are anthelmintics. 

Extractum filicis liquidum, dose 45-90 min. (2-66-5*33 c.c.), has a 
disagreeable taste and is apt to cause vomiting, so the drug is best 
prescribed in gelatin capsules. When prescribed in draught, it is best 
given with Mist, amygdalrey or with essential oils, e,g. cinnamon. 

Hmistus filicis maris consists of ext. filic. liq., 1 dr., syrup, zinzib., 1 dr., 
tinct. quillaia, ^ dr., aq. menth. pip. to one ounce. 

Capsules contain 15 min. each of the liquid extract. The dose of 
these is one to six, according to the age of the patient. It is effective 
against Tcenia saginata, T. solium^ and especially against D. latum. The 
most difficult species to dislodge are T. saginata and Hymenolepis nana. 
On the morning of the treatment the patient should have a small cup of 
tea. For an adult man the full dose of filix mas is dr., for a female 
1 dr. For specially resistant cases up to 120 minims (2 dr.) may be given 
with safety, as follows : — 

8 a.m. : two capsules of 15 mins, of filix mas. 

8.30 a.m. : repeat. 

9 a.m. : repeat. 

The patient must then lie perfectly quiet and take nothing but a few 
sips of water. At 10.30 a.m. half an ounce of sodii sulph. should be given. 
The bowels being opened freely by the salts, segments of the tapeworm 
should soon appear. All motions should be saved and strained to search 
for the head ; should this not be st'en, a soap-and- water enema should 
immediately be given. Very often, however, the head is not found and 
it may be passed separately several days after the cessation of treatment ; 
therefore, failure to demonstrate the head does not necessarily indicate 
that the patient is not cured. 

Some authorities reinforce this treatment with a mixture containing 
oil of turpentine, 20 min., emulsified with mucilage of acacia, or with a 
eucalyptus oil mixture containing 15 min. (0-88 c.c.) of eucalyptus. 

The patient must rest in bed the wffiole day when undergoing treatment. 

Oleoresin of asjMum (U.S.P.) contains filicin, the anhydride of filicic 
acid. To be successful the oleoresin should have been recently prepared. 
The patient should fast the day before treatment. At 6 p.m. on that 
day 30 gr. of mag. sulph. are given, and again on the morning of the treat- 
ment a similar dose. No breakfast should be taken, and after the bowels 
have been opened J oz. of the following emulsion is administered. 

Oleoresin of ospidiura . . 3i (3-89 grm.) 

Pulv. acac 388 (1-944 grm.) 

Aq. dest. ad . . . -51 (28-42 c.c.) 

An hour later a second dose of J oz. is given and, after a further interval 
of two hours, a soap-and-water enema. 
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None of these treatments must he repeated oftener than once a month, 
othenoise toxic symptoms, such as polyneuritis and paralysis of the iris, 
may ensue. 

The not uncommon practice of giving a second course within a few days 
of the first, in order to dislodge the head, is never successful. 

Intraduodenal treatment of tapeworm , — Sawitzky recommends giving 30 grm. 
sod. sulph. in the afternoon, and starving the patient for the rest of the day. 
Next morning the bowels are opened by an enema, the patient swallows a catheter 
and is placed on his right side. The catheter enters the duodenum in 1-2 hours. 
He is then turned on his back, and a small glass funnel is attached. An emulsion 
of ethereal extract of male fern, 60 grm., gum arabic mucilage, 6 grm., sodium 
bicarbonate, 0*5 grm., distilled water, 60 c.c., is prepared. About three-quarters 
of this amount, equivalent to 3-4 grm. (60-60 min.) male fern, is introduced ; 
immediately 50 c.c. (If oz.) of warm 60 per cent, solution of sodium sulphate is 
poured in and the catheter extracted. Expulsion takes place in two hours. 

II. Pelletierine. — Commercial pelletierine is a mixture of two alkaloids, 
pelletierine and isopelletieriene, and is obtained from the stem and root 
bark of the pomegranate (Punica granatum). 

Pelletierine tannate, a mixture of the tannates of the alkaloids, is a light 
yellow powder, slightly soluble in water (1 in 700), but soluble in 90 per 
cent, alcohol (1 in 80). The dose is 7 gr. dissolved in alcohol, followed two 
hours later by castor oil, 1 oz. ; a soap-and-water enema may be necessary. 

Pomegranate hark is an infusion of the root bark of Punica granatum ; 
150 grm. is infused for twelve hours in a litre of water and then boiled down 
to half, and can be given by the mouth or be passed into the duodenum 
by Einhorn’s tube. Before use the decoction is warmed to 100° F. and 
three doses of 65 c.c. (3 xviii) each are given at half-hour intervals, followed 
by a saline purge, after which the catheter is withdrawn. 

III. Melon seeds. — These are obtained from Cur cubit a mcutima, a 
native of the Levant. For medicinal use they should not be more than 
a month old and should be deprived of their* seed -coats. They do not 
kill the tapeworm but, when followed by a saline purge, they do bring 
it away. The dose is 700 grm. for an adult, and the bruised seeds may 
be mixed with honey or milk, or with stewed fruit, and given on an empty 
stomach in the morning at 6 a.m. At 8 a.m. 3 oz. of mist, alba are given. 
This is the average dose for an adult. 

IV. Areca nut. — Areca nut (Areca catechu) is used in China. The 
dose is 30 grm. of powdered betel, boiled for thirty minutes in 200 c.c. 
of water and taken on an empty stomach. 

V. Sostol, a soluble yellow crystalline powder, is the hydrochloride 
of an acridine compound, and is said to be specially efficacious in diphyllo- 
bothrium and hymenolepis infections. The usual preparation is required. 
Sostol pellets are given early in the morning on an empty stomach, and 
adults receive 6 pellets of 0*1 grm. (IJ gr.), followed three hours after- 
wards by castor oil or a saline aperient. Children up to four years of 
age should take 1-2 pellets and children of from five to eight, 4 pellets. 

VI. Carbon tetrachloride and oil of chenopodium. — Carbon 
tetrachloride anaesthetizes tapeworms and, especially when combined 
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with oil of chenopodium, aids in their expulsion. It is combined in the 
following mixture. 

Carbon, tetrachlor. . . . 3 I (3*5 c.c.) 

01. chenopod. .... TT^xv (0-88 c.c.) 

Paraff. Uq Ji (28-42 c.c.) 

This should be given in two doses, as in ancylostomiasis. Adults 
should receive the full dose ; children under six, 2 dr. ; up to eight, 3 dr. ; 
up to fourteen, 4 dr. The mixture should be made up fresh daily. Half 
an hour afterwards the patient should be given a saline aperient, or Pulv. 
jalap. CO. 1-2 dr. (3*55-7 c.c.) may he used. 

Hiyeda and Tarada discovered an active preparation in raigan — a mushroom 
(Omphalia lapidescens). This is given in a powdered state, in doses of 20 gr. 
three times daily for three days, without any preliminary preparation. 

Gentian violet has been used to expel HyTuenolepis nana. Cusso, or 
Kusso, a decoction made from the flowers of Brayera anthelmintica, is 
said to be efficacious in Abyssinia (p. 885) for removing T. saginata. 

IV. CYSTICERCOSIS 

Though the cysticercus, or bladder-worm stage of Taenia solium^ normally 
develops in the pig, and infection of man takes place by eating pork, which 
contains the larval cyaticerci, yet occasionally man himself may serve as inter- 
mediate host through accidental ingestion of the eggs of T. solium. The embryos 
may migrate to almost any organ, especially the muscles of the limbs, tongue, 
neck, or ribs and sometimes the lungs, liver, or heart, and they have been removed 
from the eye. One of the most striking recent contributions to medicine has been 
the demonstration by MacArthur that the embryos show a peculiar predilection 
for the brain. It has been known for some time that individual cases of cysticer- 
cosis may be accompanied by epileptic seizures. Investigations on epilepsy 
in young and otherwise healthy British soldiers, with good antecedents, has sho\^Ti 
that cysticercosis is the cause. In one batch of 22 cases investigated by 
MacArthur 10 were proved to suffer from cysticercosis. In another 82 cases in 
British soldiers, who had served in India, evidence of infection with Taenia solium 
was obtained in 22. Indigenous cysticercosis in England has been recorded. 

In some instances the fits commence about the time the cysts are first detected ; 
in others there may be a quiescent period of some years between the appearance 
of the cysts and the first epileptic seizure, or, in other instances, the cysts may 
become palpable after the onset of epileptic fits. The number of palpable 
cysts varies widely in different cases. Large ones which have been under 
observation for years may vanish in a few days. The bigger cysts usually contain 
dead larvae and the cyst capsule is tense, owing to the large amount of contained 
fluid. The death of the larva is in some way associated with an increase of 
this fluid. 

Pathology. — In the brain the cysticercus becomes enclosed by a wall of 
neuroglia ; small round cells and a few plasma cells are present between the 
delimiting neuroglia and the surrounding normal brain tisawe, but later the tissues 
surrounding dead and disintegrating cysticerci undergo active degenerative 
changes with a marked cellular response. To the naked eye the degenerating 
tissues may be visible around the cysticercus as a discoloured ring, and later, 
if the patient survives, they undergo necrosis. This dead area, which may 
extend 5 mm. beyond the cyst, is ringed off from the normal brain by a wall of 
sclerosed neuroglia. (Fig. 186.) 
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After a variable period, determined in part by the resistance of the host, 
the parasites die and often undergo calcareous change. Calcification com- 
mences in the scolex, while the cyst capsule and its contents are unaffected. 
Calcification may stop at this point, and the cyst-wall may collapse through 
the escape of the fluid, or the collapsed cyst may be flattened out by pressure 
of the surrounding muscles and calcify in an extended form. Apparently, three 
years elapse between death of the cysticercus and calcification in the tissues, but 
cysts in the brain take longer. 

Symptoms. — The fits may resemble the Jacksonian type, with cyanosis, 
biting of tongue and involuntary passage of urine. In some instances they 
are irregular, and cerebral tumours may be suspected. Nervous symptoms 
other than fits may be produced ; thus the initial clinical picture may be that 
of disseminated sclerosis or cerebral tumour. Psychical stat-es may supervene 
with cerebral irritability and loss of memory. 

Usually, the invasion of cysticerci gives rise to no general reaction, but the 



Fig. 186. Section of cysticercus from brain. {Dr. Carnegie Dixon 
and Dr. J . D. Willis, Lancet, 1941 .) 


patient notices the gradual development of small subcutaneous or intramuscular 
swellings. More rarely, a general toxaemia with pyrexia develops. Sometimes, 
too, the localized intramuscular swellings resemble a muscular dystrophy. 
Cysts may be present in large numbers without the patient’s knowledge until 
they are discovered accidentally by radiological examination. As a rule, there is 
no ascertainable history of tapeworm infection ; though in one case the first fits 
commenced during treatment in hospital for T. solium. There may be a history 
of incomplete fits, often regarded as hysterical, and eveiy degree from petit mal 
to Jacksonian epilepsy. Intense headache may be the one symptom preceding a 
fatal attack. PsycUcal disturbances, melancholia, or acute mania may dominate 
the picture. 

Apparently no prophecy can be made of the duration of the epileptic symptoms 
Sometimes the seizures cease without apparent cause ; in others they persist 
for eight years or longer. There have been several fatal cases in which the cysts 
have been found limited to the brain. 
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Diagnosis. — The most helpful sign in diagnosis is the development of palpable 
cysts in the tissues, and these may number from one to thirty or more. They 
may be the size of a hard pea, a hazel-nut, or even a pigeon’s egg. Their situation 
varies widely ; they have been found in the lips, masseter muscles, neck, chest, 
abdominal walls, back and groin, and if not numerous they are easily overlooked. 
Indeed, unless evidence of cysticercosis is systematically sought, diagnosis may 
be missed, as nodules may be absent at the time of examination, only to come 
out in crops at a later date. The radiological evidence may not be convincing 
for some years, as calcification does not usually take place for four or five years 
after infestation. Whilst they are alive the body is relatively tolerant, though 
they become active irritants when dead and calcified. 

To demonstrate cysticerci, a suitable cyst is excised under local anaesthesia 
and the host capsule is enucleated. The appearance of the translucent membrane 
with its central “ milk spot ” is characteristic. If alive, the parasite may evaginate 
the head and neck, or it may be induced to do so by immersion in hot saline. 

When partially calcified, a good skiagram will show it as a small elongated 
shadow, but the completely calcified cyst gives a characteristic appearance 
(Plate XXII). Evidence of calcification within the brain has been demonstrated. 
Unfortunately in the early stages the cysts are diaphanous and do not show up. 
Therefore, a negative radiograph of the skull is of no significance. The size of 
the cysts depends mostly on their age and situation. Eosinophilia affords no aid 
to diagnosis. Complement-fixation tests have proved disappointing, and a 
negative test does not exclude the possibility of infection. The intradermal 
Casoni test is positive in about 50 per cent, of cases. Trawinski developed a 
precipitin test, using an antigen made from Cysiicercus ceUuloace, There may be 
no changes in the cerebro-spinal fluid. De S6ze and others, however, stated that 
excess of lymphocytes, a positive colloidal benzoin reaction and eosinophil 
increase, in the absence of a positive Wasermann reaction, suggest cysticercosis. 
It must be remembered that the Ghedini -Weinberg complement-fixation, as well 
as the Casoni intradermal test, are group immunological reactions, whether 
hydrated extract or cysticercus fluid is used as antigen. 

Treatment. — Intravenous injections of antimony tartrate have been tried, 
often without much effect and, although instances of successful localization 
and removal of single cerebral cysticercal cysts have been recorded in the litera- 
ture, usually such interference is unjustifiable. Luminal and bromides are helpful 
in controlling fits. Observation on tissue changes which follow the death of 
intracerebral cysticerci suggest that destruction of large numbers of these 
parasites might make matters worse. 

In actual practice, temporary amelioration of symptoms, after removal of 
one or more cysts, has often been followed by death. 

Prophylaxis.. — This cannot be undertaken until the source of infection 
has been ascertained. It is commonly believed that human cysticercosis is 
an accidental complication, auto-infection being caused by the ingestion of eggs 
or possibly bV regurgitation of segments of T. solium into the stomach. 
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CHAPTER XLV 

VEGETABLE POISONS 

POISONS USED FOR CRIMINAL PURPOSES 

The inorganic poison most generally used by tropical races is arsenic in some 
form, cleverly intermingled, as a rule, with flour, inserted into the grains of maize 
or millet, or introduced into sweets, as in Egypt ; in Malay, powdered croton 
seeds or datura are used. Natives usually possess a much wider and more intimate 
knowledge of organic poisons than do civilized peoples. 

In Brazil, common pative poisons are derived from Pavllinia pinnata, which 
contains an alkaloid, timboin^ and from the fruit of Thevetia ahonaiy the active 
principle of which is theveiosin ; both of these cause vomiting and respiratory 
failure. 

In the Dutch East Indies a poison extracted from the roots of Milletia sericea 
produces debility, headache, diarrhoea, collapse and death. 

In the Pacific islands the native poison is derived from the fruit of Barringtonia 
speciosa. 

In India a large number of vegetable poisons is in use. In the Madras and 
Bombay Presidencies an extract is obtained from the roots of Nerium odorum, 
the M^hite oleander, which contains two glucbsides exerting a specific action on 
the heart. Similar substances, urechiiin and vrechitoxin^ fronj Urechites sttherecia, 
exert a cumulative action, and therefore sudden death may be produced without 
arousing suspicion of poisoning. 

Tlie juice of an Asdepias (or milkweed) is used in India as an infanticide ; the 
symptoms are vomiting, salivation and cramps. The roots of various species of 
aeonite {Aconitum ferox, etc.) are used for the same purpose ; death takes 
place rapidly — in three to six hours, as a rule. Several species of Apocynaceae, 
such as Cerbera odollam and Thevetia neriifolia, the sap and seeds of which contain 
a glucoside, thevetin, are very deadly, death from cardiac failure taking place 
in twelve to fifteen hours. In Southern India, Burma, and Ceylon a decoction 
of the fruit of Gloriosa superba^ one of the Liliaceae, allied to squills, is employed 
for criminal and suicidal purposes. The active principle, superbin, causes gastro- 
intestinal irritation and cardiac failure within four hours. The commonest 
poison in India and Ceylon is datura, one deadly nightsl^^es, of which 

there are several species. The seeds, ^ t! soli^^ drink, produce a state 
of extreme mental exaltation, fo)^ the active principles are 

atropine, hyoscyamine, and scopolam. u ’ 

In Africa the leaves of Hyoscym .jsziez, containing hyoscyamine and 
scopolamine as active principles, are a by Tuaregs of the Sahara. On the 
West Coast, a decoction of a cactus, colloquially known as “ oro,” produces 
blisters in the mouth, vomiting and gastro-intestinal irritation, collapse and 
death. In China, opium is the suicidal poison most frequently used, especially 
by women. 
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DISEASES DUE TO THE INGESTION OF POISONOUS FOODS 
Latiiyrism and Favism 

This disease, characterized by various nervous manifestations, such as ataxy, 
spastic paraplegia, weakness and muscular pains, without psychical disturbances, 
occurs in Abyssinia, Algeria and India in those districts in which vetches, 
“ Khasari,” Lathyrua aativus and allied species, form the main article of diet. 
Howard and his colleagues (1923) demonstrated that the wild vetch ( Vida saliva), 
which contaminates this crop, is harmless, but that the poison is contained in a 
variety, var, angualifolia, which contains alkaloids : vidne and dividne. A similar 
disease occurs in animals fed upon the same food. The arms and trunk are 
seldom involved ; incontinence of urine and sexual impotence are early and 
common symptoms. The disease is very chronic and seldom ends fatally. Shah 
(1939) claimed that cases improve rapidly on dietetic and vitamin treatment, and 
Anderson (1939) suggested that elements of the vitamin A complex are involved 
{see also p. 398) and that they are elfective in treatment. 

Favism, an allergic manifestation, due to a bean (Vida fava), produces a 
syndrome resembling blackwater fever and is common in Sardinia, Greece and 
the Mediterranean area (see p. 76). 

Atriplicism 

A combination of cutaneous and nervous symptoms in China is caused by 
eating leaves of Alriplex littoralis. The earliest symptoms consist of itching of the 
hands, followed by oedema, and often by bullae ; the finger-tips may become 
gangrenous, cutaneous haemorrhages may occur, and the face and eyelids become 
cyanotic and oedematous. In many aspects it resembles Raynaud’s disease 
and erythromelalgia. Yu Ky described a syndrome after eating the leaves of 
Alriplex aerrala, or Chenopodium hyhridum, in which the symptoms and signs 
are similar, and it is thought that the skin lesions can be ascribed to light-sensitive 
dermatosis. 

Ackbe Poisoning (Vomiting Sickness of Jamaica) 

An acute and fatal condition, locally termed “ the vomiting sickness,” has 
been known for many years in Jamaica. It is found principally in rural districts 
in circumscribed epidemics. The causation and nature were neither apprehended 
nor understood, although several Commissions had attempted to elucidate 
them. To Sir Harold Scott belongs the merit of clearing up this mystery, and 
of indicating simple and practical methods of prevention, which have saved the 
lives of many children. It is estimated that since 1886 over 5, (XX) lives have been 
lost in Jamaica from this cause. 

Vomiting sickness is confined to the West India Islands, practically to Jamaica, 
and occurs principally in the cooler months, from November to April. 

Symptoms. — ^A previously healthy child suddenly complains of abdominal 
discomfort, vomits several times, recovers, and perhaps falls asleep. Three or 
four hours later, vomiting— now of a cerebral type — returns. Within a few 
minutes, convulsions and coma supervene ; and death follows, on an average, 
about twelve hours from the initial vomiting, though it may take place in one 
and a half hours. The case-mortality amounts to 80-90 per cent. In those who 
recover, convalescence is complete in twenty-four hours. 

During the attack the temperature is normal or subnormal, rarely rising to 
101° F. ; the pulse rate is 90 to 100 ; the respirations are to 30, sometimes, 
as death approaches, of Cheyne-Stokes type. The pupils are slightly dilated and, 
until near the end, react to light. Except during the convulsive seizures, there 
is no muscular rigidity. Post-mortem examination reveals hypersemia of viscera 
with a tendency to minute intestinal haBmorrhages, together with marked fatty 
changes, especially in the liver and kidneys, and sometimes in the pancreas 
and heart- muscles. 
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Etiology. — Scott showed, on what must be regarded as convincing evidence 
— clinical, seasonal, epidemiological, and experimental — that vomiting sickness 
is the result of poisoning by a fhiit, much used by negroes in Jamaica, caUed dclcee, 
the fruit of Blighia sapida (Fig. 187), a tree very common in the island. A similar 
species is found on the West Coast of Africa, where it is known as lain. When 
mature and in good condition, this fixiit is wholesome enough ; if gathered 
before it is quite ripe and before it has opened while on the tree, or if gathered 
from an injured branch, or opened after falling to the ground, it is poisonous. 
The poisonous element in the immature and unsound fruit appears to be soluble 
in water, for “ pot water in which the ackees have been cooked is much more 
toxic than cooked fruit. The poison is precipitated by alcohol. Jordan and 
Burrows showed that the toxic principle is also contained in the seeds and in 
the arilli of the ackee which have not yet “ opened.” Evans and Arnold (1938) 
isolated saponin, which appears to be the toxic agent. 

Treatment. — An emetic, and washing out the stomach with an alcoholic fluid 

during the primary vomiting, are 
indicated. Scott is insistent that 
administration of alcohol must 
be prompt. 

Prophylaxis. — When the 
fruit in various stages falls to 
the ground, only the opened 
jKxls, that is the ripe fruit, 
should be used for food. The 
immature unopened pods should 
be destroyed. 

Manioc and Nami Poisoning 

Manihot aipi (sweet cassava) 
and Manihot utilissima (bitter 
cassava) are ground roots ex- 
tensively used in the West 
Indies. From the latter are 

Fig. 187.— Ackee fruit. Blighia sapida. produced starch, tapioca, and 

I nat. size. {After Byam and Archibald.) cassava cakes. Poisoning arises 

from failure to remove the 
contained glucoside and enzyme. In the presence of water these release free 
hydrocyanic acid, so that nausea, vomiting, distension of the abdomen and 
impeded respiration result. 

Nami (Dioscorea hispiday Dennst, and D, hirsutCy BI.) is a colloquial term for 
a species of yam, employed for food in parts of the Philippines. It has fre- 
quently caus^ food poisoning, and occasionally' it has been put to criminal 
pimposes. An alkaloid — dioscorine — has been obtained from the full-grown 
tubers. 

CoEAL Plant (Jatropha multifiday L.) 

Coral-plant poisoning was reported by Raymond from Tanganyika, the 
symptoms being colic, cramps and thirst, with subnormal temperature. Two 
species, J. curcaa and J. glandulijeray are common in the West Indies. J. 
glandtdiferay since it grows rapidly, is used in Jamaica for fencing enclosures. 
The nuts taste like sweet almonds, and the plants are known as “ phv sic nuts ” ; 
a third species, J, maUifiday is known as the “ French physic nut.” J. gosaypifoUay 
which occurs in the West Indies, is known as the wild cassava, or “ Ijelly-ache 
bush,” and its seeds contain an intestinal irritant like croton oil. A fifth species, 
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macrocytic anaeimia and to patients with pernicious anaemia caused the 
same relief, though the anaemia was not markedly improved. has also 
been used in pseudohypertrophic muscular dystrophy, in Parkinsonism, in 
arsenical peripheral neuritis, and in Sydenham’s chorea. It h&s also been 
found useful in cheilosis (angular stomatitis) which is usually associated 
with a riboflavin deficiency. Probably both are essential for the nutrition 
of the lips at the mucocutaneous junction. 

Vitamin C. (Absorbic Acid : Cevitamic Acid) 

Vitamin C forms colourless crystals melting at 192® C. It condenses with 
aldehydes, acetone and other ketones. The reactions of interest and im- 
portance are those dealing wth oxidation and reduction. When dry and 
protected from light, vitamin C is stable for a considerable time, even in the 
tropics. The indicator of efficacy is 2 : 6~dichlorophenolindophenol. In 
solution, the stability of vitamin C depends on many factors. Autoclaving 
at 120® C for twt»nty minutes in oxygen at pH 8 results in the loss of 49 per 
cent. Solutions of vitamin C can be stabilized by the addition of small 
amounts of fruit acids, such as tartaric or citric acid. 

\Mien vitamin C has been reversibly oxidised to dehydro-ascorhic acid 
by methylene blue it can be reduced by hydrogen sulphide, cysteine and 
glutathione. 

Ascorbic acid has the following fonnula : 

o«»c — — I 

Ho.n 

I o 

HO-C 
I 

H-C 
I 

HO-C-H 

I 

CHjOH 

Dehydroascorbic acid is as potent an antiscorbutic as ascorbic acid. 

Tlie I.U. is 0*06 mgm. of pure l-ascorbic acid. 1 mgm. of vitamin C is 
therefore equivalent to 20 I.U., but this standard is no longer used. 

plstributioii. — Vitamin C is present in all living tissites, especially fresh 
fruits and plants. The richest source are rose hips and haws, black and 
red currants, strawberries, cabbages and citrus fruits. Black currants are 
sometimes as potent as oranges, in which the greater portion is in the peel. 
For the majority of people the potato is the most important source. Rose 
hips in Scotland and N. England contain an average of more than 1000 
mgm. per 100 gmi. of flesh, whilst tliose from the south contain less. 
Properly cooked ^peen vegetables are fairly good sources of C. As soon as 
vegetables or fruit are gathered, an .enzyme — ascorbic acid oxidase — is 
liberated, which slowly oxidizes vitamin C. They should therefore not be 
kept too long before cooking ; furthermore, 25-60 per cent, may be lost in 
the cooking water whi^ is rejected. Stewing and baking tend to destroy 
vitamm 0, so that it is doubtful whether vegetable stews in camps and 


j = /-Ascorbic acid (vitamin C). 
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institutions, cooked slowly for very long periods, ever contain vitamin G. 
Pry^ definitely destroys it. 

^ere is no appreciable loss in fruit and vegetables kept in cold storage 
by the “ quick-freeze ” process. Ihying in itself does not affect C. The 
antiscorbutic value of fruits and v^etables after commercial canning is no 
less than that of similar foods cook^ by household methods. 

The C content of cows’ milk is very variable. The value drops as soon as 
the milk is withdrawn and allowed to cool. Commercial evaporated or 
condensed milk contains no vitamin C, unless added after processing. 

Phj^ioiogy of vitamin C. — C is synthesized by all higher plants and 
by many animals, except the primates (including man), the guinea-pig and 
some ungulates. A function that has been well established is the rdle of 
vitamin C in regulating the colloidal condition of intercellular substance 
in the animal organism. It was originally shown by Wolhach wid others 
that in the scorbutic animal reticulum and collagen are not formed, 
but amorphous ground substance and fibroblasts only are present. 

Vitamin C is therefore a prerequisite for the formation of inter-cellular 
material in man. 

Teeth and hones . — Vitamin C plays a part in the nutrition of teeth, joints, 
bones and blood vessels. The changes in the teeth are as follows ; changes 
in the odontoblasts, widening of Tomes’ canals in the dentine, in place of 
which porous bone-like material (osteodentine) is formed. Pulp tissue 
becomes atrophied and resorbed. These changes commence in the crown 
and extend to the root. There is no clinical evidence that dental decay in 
man is due to vitamin deficiency, but bleeding, soreness of gums and loosen- 
ing of the teeth do appear to be associated with vitamin C deficiency. 

The histological changes in the bones of scorbutic animals are commonest 
at the costochondral junctions, the distal end of the femur, the proximal 
end of the tibia and the wrist. Bone formation creases, and the osseous 
shell becomes rarefied. Formation of cartilage and bone matrices ceases. 
Vitamin C is necessary for the proper functioning of the osteoblasts. The 
periosteum becomes stripped from the bone cortex and lack of intercellular 
material in the blood vessels leads to subperiosteal haemorrhages. Vitamin 
C is also essential for the formation of callus in the union of fn^tured bones. 

Wound repair. — Vitamin C is necessary tor wound repair and is usually 
present in young granulation tissue, and adjoining skin. 

Hwmopoiens, — Anaemia is fi^uently associated with scurvy, and 
stimulaticm of the bone marrow is sdd to follow injection of C. Clinically, 
many cases of nutritional anemia have been described which fail to 
resjpond to mm, but react to vitamin C, and it is possible that utiUxatifm 
of lion is defective when the store of vitamin C is depleted. 

Infedion and immunity. — A considerable amount of indirect evidence 
has been offered tor a relationship between vitamin G and infectioii* 
Anmial experimento tend to dmw that C has an ctfect on pfodnotkni 

antibody. It also poMesses bactorimdal and bacteriostatic powm and 
inadivates certain toxins, sucdi as those of Chshidiim wdenmem, Bast* 
and BeooiUy it has been soggeated that tbsre 

is close rdatiogisbip between C in the body and the degree ot 
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quantities by the leucocytes, in the bloody and also some support for the 
view that it is important in detoxicating processes in the body. Patients 
showing sensitivity to arsphenamines are said to have low vitamin C levels. 

Ftmdion of vUamin C in tissues , — It is suggested that C is a component 
of a reversible oxidation-reduction system acting as a hydrogen transporter 
or respiratory catalyst. It has been shown, for instance, that alkaptonuria, 
in which homogentisic acid is excreted, turning the urine black, may be 
produced by administration of amino-acid t 3 rro 8 ine on a diet low in vitamin 
C. This vitamin is particularly abundant in the corpus luteum, the 
pituitary, the adrenals and glandular tissue. It is possible that it plays an 
important part in metabolism of the adrenals and may serve to stabilize 
the medullary (adrenalin) and the cortical hormones. 

It is true that certain symptoms of scurvy resemble those of adrenal 
insufficiency. There is also a possible relationship between C and function 
of the thyroid gland. It ’may be that it antagonizes th 3 rrotoxin. 

Carbohydraie metabolism . — When given by the mouth C has no effect on 
the blood sugar level, but, when given intravenously, the blood sugar drops 
in a normal individual. Prom the high C content of active tissues it is 
considered that it is essential for synthetic processes in the cell. 

Absorption and storage . — Vitamin C is selectively absorbed by tissues of 
the intestinal tract, chiefly by those of the small intestine, and it has long 
been known that patients suffering from gastro-intestinal diseases excrete 
subnormal amounts of C in the urine ; there is some evidence that it is 
inadequately absorbed in patients with achlorhydria. 

It is evident that C must be stored in the body, because human scurvy 
takes several months to develop in diets deficient in this vitamin. It 
appears to be stored in organs and tissues with high metabolic activity and 
is present to a great extent in tissues of the yotmg. (The adrenals are the 
organs richest in C and a considerable amount is present in the lens of the 
eye). In normal subjects the vitamin C content of the blood plasma ranges 
from 0*6 to 2*5 mgm. per 100 c.c. 

Excretioii. — Vitamin C is excreted in the faeces and sweat, but the bulk 
passes out in the urine, and the rate of excretion depends upon the intake. 
VrTien administration is continued long enough, the tissues become 
saturated and a rapid rise in urinary excretion occurs. A daily urinary 
excretion of 18 mgm. represents the borderline between deficient and 
adequate intake. Various drugs affect the excretion, especially am- 
monium chloride. Insulin causes a lowered urini^ excretion. 

Determhuxbion of capiUary fragility . — The capillary fragility tests serve 
as a measure of the physiological indispensable mixiimum requirement. 
Prom simultaneous determinations of capillaiy fragility tests and blood 
ascorbic levels it has been found that capillary fri^ty becomes patho- 
logical at blood vidues betw^n 0*1 and 0*14 mgm. of C per 100 c.c. Blood 
vitamin C values above 1*4 mgm. per cent, constitute me threshold value 
and correspond to a state of vitamin C saturation. 

Hmnan raqulranenta. — The indispensable minimum is l^tween 25 
and 80 mgm. a dayn-^4 to 0*5 mgm, per kilo, of bodyweight. The 
optimum is 80-76 mgm. daily, but more is needed in pregnancy, old age 
and acute infections. 
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The foetus withdraws vitamin C from the mother through the placenta, 
and the concentration in the blood plasma of the umbilical cord is one and 
a half to four times as much as that present in the maternal blood at the 
time of delivery. There is a rapid decrease in vitamin C content during the 
first few weeks of life, suggesting that vitamin C should be regularly 
supplied ; the content of ^e breast-fed infant depends on the mother’s 
intake. The requirements of children are greater proportionately than 
those of adults. The requirement of boys from 18-15 is 90 mgm. daily ; 
that of adults from 80-100 mgm. In women this is naturally increased 
during pregnancy and lactation. In all infectious conditions the require- 
ment is increased. , 

Laboratory methods employed for detecting vitamin C deficiency 

— CapUlary fragility t€st, (Rumpel-Leeds test.)— A circular area 60 mm. in 
diameter is marked off in the antecubital fossa and a blood pressure cuff placed 
at least 2*5 cm. above this, pumped up to 90 mm. mercury and maintained for 
fifteen minutes. After the pressure is reduced the number of petechia? is counted. 
The test should be carried out at room temperature and the patient should not 
have had a hot bath on the day of the test or take any exercise within three hours. 

The intradermal test, — This depends upon the power of vitamin C in the skin to 
decolourize the blue dye, 2 : 6— ^chlorophenolindophenol, of which 0*1 c.c. of a 
1 : 400 dilution is injected into the anterior surface of the forearm. When the 
individual is saturate the skin is decolourized in less than five minutes ; un> 
saturated individuals require ten minutes or longer. 

Drinary excretion. — Some authorities consider that the twenty -four hour 
excretion of vitamin is reliable for detection of deficiency. The method of 
estimation is to determine the amount of urine which has to be added to discharge 
the colour of a measured quantity of 2 : 6 dichlorophenolindophenol, but it 
must be remembered that other substances in the urine, such as cysteine and 
thiosulphates, may also act the same way. 

A somewhat similar test has been developed for estimation of vitamin C in the 
serum. 

Clinical uses of vitamin C. — The only disease which specifically 
responds to vitamin C is scurvy, yet its use has been advocatinl in the 
treatment of a number of conditions, such as the zymotic diseases, especially 
diphtheria. It has also betm used in pneumonia, tuberculosis, rheumatism, 
whooping cough, typhoid, infections of the ear and throat, Influenza, 
malaria, dental and oral conditions, haemorrhagic diseases, some foniis of 
pernicious anseraia, skin diseases and to an increasing extent in surgery, 
obstetrics and ophthalmology. 

Vitamin D. (Antirachitic or calcifvino vitamin) 

Several substances are antirachitic. The most important are ; — 

Viiamin (calciferol). This does not occur naturally, but is manu- 
factured artificially by ** activating ’’ ergosterol. 

ViUmin Dj, sterol-T -debydrocholesterol, is the most important naturally* 
occurring vitamin, being formed in the skin by the action of the sun on the 
animaL It has the same action as D,. The chemistry of the sterols is 
extmmely complex. Vitamin D, is made by exposiiig ergosterol to the 
actiim of ultra-violet li^t. The abs<irption spectrum gives bands of 
maximum intensity at 26(^29Sp. Ergosterol is b^t irradiated in solution, 



It \» a white cryKtalliiie Bubstance, melting at 115-117® C. It is stable 
at mom temperature and loses its antiracliitic properties at 180° C, but 
is completely stable dissolved in oil kept at 0° C. Biological assay is the 
only means available of chemical estijnation. 

Distribution.— Ergosterol is only found in plants, especially fungi, like 
ergot from which it derives its name. Dj is found in egg-yolk, butter and 
lish oils. Animals gain vitamin D by eating tissues containing it or by 
dinwt action of the sun’s rays on the provitamin in their own skins. Food 
))er se as a source of I) is not so important. The formation of vitamin 
app(*ar8 to occur on the skin. Thus, in birds it takes place in the oil of the 
prc'cn glands, so that when this is artificially removed they develop rickets. 

Notliing definite is known on how fish acquire I) though it is probable 
that they are able to synthesize it. 

/lsstmti<dion.— In birds and animals the vitamin formed on feather or 
fur is swallowed during prwminjg and licking, but in man it must be absorbed 
from the skin because irradiation will cure rickets. Bite is essential for its 
absorptioij from the intestine, but liquid paraffin or oil hinder, because it is 
thereby dissolved and excreknl in the teces. It is also possible that it 
hinders the absorption of calcium and phosphorus. 

•Sloraje.— Various tissues store D for different periods : the brain for 1-2 
weeks ; the kidneys and liver and blood for 8-12 weeks. Depletion is 
caused by its excretion into the gut and destruction in the body. 

BachUic diete.— The conqjosition of the diet has a great effwt in rickets. 
The usual diet is one which contains an excess of calcium and acts by forming 
insoluble phosphates. The bad effect of cereals, especially oatmeal, is well 
known. This is due to the phyHe acid of the cereals combining with the 
calcium of the diet, causing calcium deficiency. The amounl; of fat in the 
diet is important as it counteracts the effect of cereals. 

Physiolo^ of D,— This vitamin regulates the meta- 
bolism of calcium and phosphorus, but its mode of action is still obscure. 
During growth long bones increase in length by calcification of the cartilage 
between diaphysis and epiphysis. The cartil^ is continuously growing on 
the epiphyseal side, and degenerating on the diaphyseal, which is then 
invaded by capillaries and osteoblasts. Bone salts are laid down in the 
degenerating cartilage. In rickets the band of caartila^ widens because it 
keeps on growng, but ceases to degenerate, and no calcification takes place. 
I'his resmts in weakening of the bones, with subsequent bending and 
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fracture. The X>ray picture in severe rickets shows these changes ; the 
end of the diaphysis is smooth, with a clear space between it and the 
epiphysis. In rickets the end of the diaphysis is uneven and ragged because 
of the degeneration of the cartilage. The shaft of the bone also shows 
rarefaction. 

When healing commences under the influence of D the first effect is 
resumption of degeneration of the cartilage cells nearest to the diaphysis, 
which is rapidly followed by capillary penetration and laying down of bone 
salts. The r61e of D in calcification of teeth is important. 

The amounts of calcium and inorganic phosphorus in the serum are 
altered ; the phosphatase of the blood is raised in rickets and to a lesser 
degree in osteomal^ia. The skeletal muscles and the smooth muscle of the 
gut lose their tone and the ligaments become lax. Stimulation of growth, 
as apart from the prevention of rickets, is an important function of 
vitamin D. 

The relation of D to the endocrine glands is important and has a stimulating 
effect on the parathyroids particularly, and to a k'ssiT extent on the 
thyroids and pituitary. 

The relation to infection is obscure, especially the effect of cod -liver oil on 
tuberculosis, in which it may possibly exert a specific effect. 

Excessive dosage mobilizes the phosphorus and calcium from the body 
tissues, thus broadly exerting the opposite effect of normal doses. The 
tubules of the kidney and the media of the larger b]<x>d vessels are affected. 
In the aorta athen>matous changes become evident. The serum phosphorus 
and calcium are usually grossly raised. 

Intematiotud Unit , — T^e l.U. is the amount of D equal in antirachitic 
potency to 1 mgm. of the international standard solution, which is equal to 
0-026 raicrogramme (y) of crystalline D, (calciferol). 

Estimation. — The fine test ” ia based on the cure of rickets. This is done 
by feeding identical groups of rats on a rachitic diet until rickets develops. To the 
diet of one group a standard preparation of D is added. The bone devdioped 
during the curative period is stained with silver nitrate and appears as a black line. 

The bone ash nuJhod depends on the {uevention of rickets. Groups of rats are 
fed for four to six weeks with varying levels of the standard fneparatlon being 
tested. They are then killed and the femoral bones ashed, w^n comparison of 
the ash from various groups of animals shows how much calcification has occurred. 

Sources of vitamin D for man. — Sunlight acting directly on the body is 
the most natural source, but when in excess may cause not only severe 
sunburn, bat fever, malaise and shock. The activated fat is apt to be 
washed off by bathing. 

Artificial sunlight, given by either the carbon arc or mercury vapour 
quartz lamp, is an excellent substitute for sunlight and has the same effect 
in prevention and cure of rickets. 

Food.r—^Die dietetic sources of D in normal foods are dairy produce, fish 
and dripping. Oima vegetables contain none. The vahie of aU dairy 
pmduee oepends on the diet and exposure to sunlight of hens and cows. 
Hence eggs contain neariv three times as much D in summer as in winter. 
Milk is an extremely valuable source, and may be artificidQy leinfoseed, 
rither hy irradiatmg the cow or its milk, or hy adding D to the eowV diet. 
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In concentraUd preparations oj natural and artificial D it has been shown 
that 200-600 1.U. given daily as cod-liver oil is sufficient to prevent rickets, 
while 400-800 I.U. of calciferol is necessary to. produce the same effect. 
There is a risk of hypervitaminosis when excessive doses of calciferol are 
taken. 

Human requirements. — If the diet is not grossly abnormal, especially for 
calcium and phosphorus, the amounts required at various ages may be 


stated as follows : 

Premature infants 600-800 I.U. 

Pregnancy and lactation 600-900 „ 

Infants 800-600 „ 

Children at puberty and adolescence . . 800-600 „ 

Adults, male and female . . . . 800-600 „ 


In old age the value of sunlight is often lost, so that the diet should be 
supplemented with cod-liver oil to prevent osteoporosis. 

Diseases due to lack of vitamin D.— The commonest is rickets which, 
contrary to general belief, is still widespread. The rachitic infant develops 
slowly, is liable to infection and does not attain full stature. Rickets can, 
however, occur at any age. Infants have been bom with rickets, and 
" late rickets " or “ juvenile osteomalacia ” may occasionally be found in 
older children, especially during periods of rapid growth. The clinical 
picture of rickets is well-known and may be accompanied by pelvic dis- 
tortion and “ greenstick ’’ fractures. 

Spasmophilia is due to nervous symptoms of which the underlying factor 
is a lowe^ blood calcium. This expresses itself in general irritability, 
laryngismus stridulus and convulsions. 

Ot^ forms of rickets are coeliac rickets, scurvy-rickets, renal rickets and 
osteomalacia. Osteomalacia of pregnancy, hunger osteomalacia and senile 
osteoporosis are fundamentally the same, and are due to lack of vitamin D. 
Tetany is common. 

Effect of vitamin Don the teet*.— In rachitic children teeth tend to erupt 
late and decay early, which appears to be direct effect of lack of this 
vitamin, but in osteomalMsia the teeth do not decay unduly. It therefore 
appears that vitamin D is not necessary for good teeth in either children or 
adults, but it is probably valuable in helping to protect them. 

Symptom* of vitamin D poisoning.— Loss of appetite follows 
(juickly on the sense of well-lieing, and then come loss of weight, weariness, 
weakness and profound mental depression. Death may take place. 

Note,— The remaining vitamins — E, K, P — and other less well-defined 
substances recently described, have been omitted as having little bearing 
on the subject mattw of this book. 



CHAPTER XXrV 


BERIBERI 

S3^on3rm8. — Kakke ; Barbiers ; Polyneuritis Endemics. 

Defii^tion. — Bmberi is a form of multiple peripheral neuritis occurring 
6ndemically» or as an epidemic, in most tropical and sub-tropical climates, 
and also, under certain conditions, in more temperate latitudes. The 
mortality may be considerable, usually from cardiac failure. 

History. — Beriberi was originally described by the early Chinese physicians, 
and is said to be referred to in the Neiching, a medical work attributed to Hwangti 
(B.c. 2697). The special nature of beriberi was recognized by the Dutch in their 
early years in the East. Later, it was studied by British physicians in India, 
particularly by Malcomsen, Carter, Waring, and Morehead. It was not until an 
epidemic in Brazil that beriberi began to receive attention from a later generation 
of medical men ; and only when Anderson, Simmons, Scheube and Baelz took 
up the subject in Japan was it studied by modem methods, accurately defined, 
and its true pathology apprehended. Scheube and Baelz were the first to show 
distinctly that beriberi isa peripheral neuritis simulating that of diphtheria and of 
alcohol — a view subsequently confirmed and adopted by Pekelharing and Winkler, 
and by most subsequent observers. Mainly owing to the investigations of 
Eijkman, Grijns ( 1901 ), Braddon, Cooper, Fraser, Stanton, Funk, Vedder, Hopkins, 
Hausette, Chick and Margaret Hume, its principal— it may not be the only— 
iBtiological factor has been shown to be a dietary of which the staple ingredient is 
overroiiled rice or other cereal which has been deprived of vitamin B|. 

Geographical distribution.— The area of the endemic distribution of 
beriberi is eo-extensive, probably, with the tropical and subtropical belts. 
It was formerly the scourge of many of the mines and plantations of the 
Malay and Eastern Archipelago. It was apt to break out among the coolie 
gangs engaged on extensive engineering works in the tropics, such as the 
Panama Canal or the Congo Railway. It haunted the Dutch array in 
Sumatra, used to be common enough in the British armies in India and was 
the scourge of the Japanese navy. It is still found in many parts of Japan, 
particularly in her large, low-lying, damp, overcrowded cities. It occurs 
in China, the Philippinfjs, the Eastern Peninsula, India, and Africa. We 
have had accounts of a small epidemic among a group of Western Australian 
natives, and also among Chinese on the eastern seaboard of Australia, a 
continent where beriberi was formerly supposed not to exist. Many yeaw 
ago beriberi broke out in a lunatic asylum in Dublin ; and apparently the 
same disease has been seen in similar institutions in the Unit^ States and 
in France, and also among the Newfoundland fishermen and those on the 
North American coast. Tomasson reported (1988) an epidemic in the 
Westman Islands, Iceland. The diet consisted of fresh fish which, even 
in la^e quantities, is deficient in vitamin B|. Elshout and Lentjes 
desoib^ a similar outbreak amongst prisoners on an island off HoUai^* 
J^idamifgogy and mdemiology. — Sc*, o(rttpari<m.----Beriberi 

att^ks both sexes. It is not nncommon in the breast-fed infants of 
beriberic mothers. This form, called infcmttle beriberi^ may declare itself 
in varying ways. 

Ship bcfibcn. — Baribari is prevalent among the native crews, mote rarely, 



From 1894 up to 1920, or thereabouts, the disease was common id European 
crews of Swedish and Norwegian ships, which are in far better sanitary condition 
than British ships, and yet beriberi is comparatively rare in the latter. The 
modem explanation is that, since the year named, the crews of the Norwegian 
mercantile marine have been provided, under the terms of a statute, with bread 
baked fmm white flour, or a mixture of wheat and rye, so that their diet is 
inadequate in vitamins. Ship beriberi holds a place intermediate between true 
beriberi and scurvy, and is closely related to the disease found among the Rand 
miners of South Africa. A similiur disease has recently been noted amongst the 
whale fishers of South Georgia. In Newfoundland beriberi of both forms is 
found at times when the diet is reduced to a regime of bread and molasses (Ayk- 
royd). A number of cases have been reported from H.M. ships in the Persian 
Gulf. 

Asylum brnheri.— The Dublin lunatic asylum, built for 1,000 inmates, 
had 1,500 inmates crowded into it when beriberi broke out, due to dietetic 
causes. 

iCtiology. — The earliest investigators of beriberi believed that it was 
a degenerative multiple neuritis indistinguishable from that produced by 
alcnhol or diphtheria, and that it was due to an infection or intoxication, and 
much effort was dirtKsted to the discovery of the poison. All these theories 
are now a matter of history, for they have btnui replaced by the \dtamin- 
deficiency theoiy. 

History*— Lunin (1881) found that mice could not survive on artificially 
composed milk. Soein (1891 ) and Pekelharing ( 1905) postulated some substance 
necessary for nutrition. Eijkman (1890) and later Grijns proved the existence 
of a food deficiency in beriberi. Braddon (1907), later Fraser and Stanton 
established the correctness of these observations in man in Malaya, and Hopkins 
in England devised experiments directed to the recognition of food constituents 
necessary for growth. Funk (1911), in attempting to isolate the principle 
from rioe-polishings, coined the word rtiamin. The water-soluble vitamin was 
found essential for growth by McCollum and Davis (1915) The isolation of the 
principle was made possible by the work of Sidell (1916), Kimersley and Peters 
( 1924), and finally the isolation of vitamin B, was effected by Jansen and Donath 
(1926). The chemical constitution was established by Windaus et al (1932), 
Williams H al (1935), the synthesis by Williams (1936), Bergel and Todd (1936), 
Andersag and Westphal (1936). 

Thanks to this pioneer work, we know that the beriberi of the Eastern Penin- 
Hula, of the Eastern Arehipela^, of the Philippines, of China and of Jaj^n, is a 
sequel of a diet in which overmilM rice is the principal element, that is, rice fipom 
which the entire pericarp and germ have been removed ; and that in this pericarp 
and germ there is a substance essential to the proper nutrition of the nervous 
system of man and of many other warm-blooded vertebrates. 

If a fowl or be fed exclusively on “ paddi^** that is, rice from which the 
husk has not been removed, it will thrive and very likely gain weight ; but if it be 
fed exclusively on a diet ^ white rice and grain, that is, rice from which the 
pericarp has been completely removed, after a short time it will show signs of 
peripheral neuritis, lose weight and, if the exdustve diet be persisted in, die wdth 
all the signs of a multiple periphei^ neuritis. This potynewrUu gaUusamm (or 
V - it is ealM-4a evklently the result of the deprivation of some 
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from time to time led to a great increase of beriberi in Malaya. (Set also Chap. II, 
p. 29.) 

Fraser and Stanton showed — and their observations have been abundantly 
confirmed — that the antineuritio element is located in the pericarp of the rice 
grain, in the aleurone layer, and in the embryt) of the grain, that it is soluble in 
water and alcohol, is stable in acid but unstable in alkaUne solutions, is ther* 
molabile — being destroyed by a temperature of 130*^ C. — and that it is dialysable ; 
that it is not a phytin or a fat, and that, although itself not containing phosphorus, 
the amount in any given rice is a reliable indication of the safety, or otherwise, 
of that rice as a staple article of food. Rice containing less than 0*4 per cent, 
of PfOs they considered unsafe, and believed that its persistent use may lead 
to beriberi. 

The polyneuritis of the fowl is identical clinically and aetiologicaliy with the 
[K)ly neuritis, called beriberi, occurring in man. For, as has been both accidentally 
and intentionally done, if the same experiment with rice-feeding be tried on man 
the result is identicral — beriberi is induced. Thus, following the lines of the earlier 
experiments of Fletcher, Fraser, and Stanton, Strong and CVowell conducted a 
series of experiments on twenty -four life-sentenced prisoners, and were able to 
prove (a) the non- communicability of the disease, and (6) its production in man 
solely by means of diet. A siipilar condition has been produced in rats. 

Acting on ihi^e findings, the governments of Singapore and the Federated 
Malay States forbade the use of white or polished rice in their jails, lunatic 
asylums, schools and hospitals, with the result that beriberi, which until 
then had been the cause of an enormous mortality and morbidity, has been 
practically banished. Corresponding results have accrued from the same 
practice in Dutch East Indies, the Philippines, and elsewhere. In India 
d(*cortic4it4‘d rict* is practically the staple diet of many millions, though 
lH*riberi is endemic only in a few circumscribed areas in Bengal and Assam, 
the north-east coast of Madras, the coast of Bunna, and certain river 
valleys. The basal factor in India must be a fundamentally poor diet, 
w'h(‘ther of rice or <jther foi>d grains. The period of development of beriberi 
in nian was determined by Fraser and Stanton as between eighty and ninety 
days. The part that vitamin B|* plays in beriberi is now becoming clearer. 
Walshe (1941) claimed that, both clinically and pathologically, beriberi is 
a typical i>olyneuritis, differing in no essential from other varieties. The 
nervous signs and symptoms are those of a multiple symmetrical nervous 
h^ion, the cardiac manifestations those of polyneuritis. 

It is, however, clear that deprivation of B| alone is not sufficient to 
cause l^riberi in fowls or man, for patients dying of anorexia nervosa do 
not develop polyneuritis. The significance of B^ is in relation to carbo- 
hydrate metabolism, rather than to its direct effect on the nervous system. 
Human and avian nervous systems can be deprived of Bj with impunity 
when no carbohydrates are given. Bi acts as a catalyst in carbohydrate 
metabolism of the nerve cell and heart muscle. In the absence of Bi, cellular 
carbohydrate metabolism breaks down at the stage of pyruvic-acid forma- 
tion. This substance accumulates in the cells, where its presence can be 
detected. It is, however, an error to suppose that pyruvic acid is toxic. 
Peters and his colleagues believe that Bj functions as a co-enx^e in the 
metabolism of carbohydrates and plays a part ih the oxidation breakdown 

• An sciount of tho chwikiry, phyriology mi phiurauwology is givon on p. 400. 
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of pyruvic acid. Therefore accumulation of this acid or of pyruvates in the 
blo(^ and central nervous system, and its excess in the urine, is related to 
the deficiency of It is therefore essential for normal growth and the 
maintenance of body weight. 

Incidence. — The incidence of beriberi is greatest in those regions where 
polished rice and refined cereals form the bulk of the diet. It constitutes 
one of the most potent causes of mortality in Japanese infants. From 
1920-1929 there was an average of 17,000 deaths from this cause in Japan. 
Berberi appeared in the beleaguered troops at the siege of Kut in 1916. 
Balfour stated that every pregnant woman in 8. India suffers from it. 
In S. China beriberi is common in the later months of pregnancy and in the 
puerperium. 

In people living on an inadequate diet the raised basal metabolic rate 
resulting from fever increases the liability to beriberi — as after smallpox, 
cholera or meningitis. In China, for instance, 10 per cent, of patients show 
some reflex abnormality suggesting latent beriberi. Thus, any lowering 
of the general resistance leads to the development of polyneuritis. Breast- 
fed babies bom of mothers suffering from the disease are themselves liable 
to it. 

Pathology. — The post-mortem appearances of beriberi resemble the accepted 
descriptions of peripheral neuritis. There is a degeneration of the peripheral 
nerves — more especiaQy of their distal ends — and there is secondary atrophic 
degeneration of muscle, including that of the heart. Degenerative nerve - 
changes may be detected in the nerve-centres and throughout the implicated 
neurones, as in other forms of peripheral neuritis. There is invariably an in- 
volvement of the vagus, with degenerative changes in its root in the floor of the 
fourth ventricle. Microscopically, the nerve-trucks show changes, from a slight 
medullary degeneration to compl^ destniction of the nerve ( WaUerian d^nera- 
tion). Regenerative processes occur side by side with the degenerative (llg. 58). 
As a rule, some fibres in the vagus and sympathetic escape ; thus, the cardiac 
branches in the heart-muscle and the bronchial and cesophageal twigs are usually 
unaffected. According to Vedder, the membranes of the spinal cord are often 
congested and cedematous ; scattered fibres in all tracts show the same kind of 
changes as the peripheral nerves. Dc^nerative changes are also found in the 
anterior and posterior horn cells, as well as in the sympathetic ganglia. If there 
is aoytiring peculiar about the post-mi^tem appearances in beriberi, it arises 
fix>m the somewhat special implication of the central and peripheral organs of the 
drcalariou — namely, dilatation of the heart, especially of the right side, and great 
accumulation of blood in the right heart and in the veins. In addition, there is a 
maiked liability in many cases to serons effusion into the perioardium, pleural 
cavities, peritoneum, and oellalar tissue. This very mark^ liability to serous 
effusiofi and the tendency to cardiac dilataticm may be said to be more or less 
distinctive ci beriberi as oompaied with other forms iff multiple neuritis. (Edema 
of the cardiac muscle naturally interferes with the normal fluid exchange 
witlim the flhres and therefore with Its oontracUbiiity. According to Mehius, 
whmi vitamin Bj is deficient, full muscular oontracUbiHty is imposrible owing to 
waterabsoiptioa(hydcopio degeneration of Wenckebach). The average weight of 
Urn Japanese heart in beriberi is 368 gnn. (normiU 300 grm.). The enhurgement 
is par^eulariy noHoeabie on the right side, especiidly the right auricle, and the 
walls are paper-tiiin: Without &aht, watm^-retention In beriberi is of the 
neatest importance in elueidating the mechanhon of symptom produetioii. 
CUmna of the lungs also is not uncommmi^ and has, pi^hiy, a paUidkigy 
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Occasionally irregularity may be associated with glowing of the heart-beat, 
and heart-block may occur in such cases. The livpr is frequently swollen 
and tender. The lungs may (or may not) present signs of single or double 
hydrothorax, but they themselves are fe^althy. The patient can. hardly 
walk — partly from breathlessness, partly on account of mechanical inter- 
ference by the dropsy with the movements of the legs, partly, perhaps, 
from some degree of paresis. He may have ankle-drop ; if firm pressure 
be brought to bear on the calf-muscles through the oedema, signs of 
hyperaesthesia of the muscles may or may not be elicited. Knee-jerks are 
generally absent, and there is numbness of the shins and finger-tips. The 
tongue is clean, the appetite fair, and there is no fever. But there may be 
praecordial distress and even pain, and, as this is aggravated by a full meal, 
the patient eats sparingly. The amount of urine is generally very much 
reduced — even to a few ounces. 

In this patient, therefore, there are the same signs of peripheral neuritis 
and of dilatation of the heart as in the other cases. In addition, there is a 
somewhat firm cedema, which is not altogether cardiac, but, as its character 
and the circumstances in which it is found suggest, is probably connected 
with the play of transudation and absorption in the connective tissues. 

WTien the heart is examined, if the case be at all recent or moderately 
severe, the impulse is dififuse ; there is epigastric pulsation ; the carotids 
throb t(K) violently ; and there is that peculiar wobbling, pulsating move- 
ment in the jugulars that denotes tricuspid insufficiency. “ Pistol shot ” 
sounds are heard on auscultation over the larger arteries. On percussion 
the pnecordial area is frequently enlarged, perhaps very greatly enlarged, 
especially to the right ; and on auscultation loud bruits, usually systolic 
m rhythm, may be heard. Marked reduplication of the sounds, particularly 
of the second, is noted. The auscuitator may be impressed, in a large 
proportion of cases, by the peculiar spacing of the intervals between the 
sounds. It may be hardly possible to tell by the ear alone which is the 
first pause and which is the second. They seem alike in point of duration 
(tic-tac rhythm) ; so that the sounds resemble the beats of a well-hung 
pendulum clock, evenly spaced, and not, as they are in health, separated 
by a long and a short interval. It wdll also be observed that the heart is 
very irritable, easily quickened by exertion. In addition to peripheral 
neuritis, there is serious disease in the circulatory system, particularly in its 
innerv'ation ; there is dilatation of the right side of the heart, and a state 
of relaxed arterial tension. Paralysis of the left recurrent laryngeal nerve 
by a grossly distended right auricle has been recorded. There is a wide 
range in the pulse-pressure, and Aalsraeer and Richter have shown that 
tliere is almost invariably a low diastolic blood-pressure which can be 
influenced by injection of adrenalin (the adrenalin effect). Pitressin 
raises the diastolic pressure from almost zero to 75 mm. and the venous 
pressure falls ; this beneficial effect may last If hours. 

Usually in well marked oases, the eieotrooardiagram shows distinot changes 
of low voHa^ and an indefinite inverted or flatt^ed T wave in 1» 11 and 111 
leads, ahri^lrlng of the F’-^R interval and prolongation of the Q~--T interval. 

The eardiao enlargemmit in human berib^ was asorihed by Aalsmeer and 
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Wenokeb»ch to oadema of the heart>mu8ole, ^rhich results in an interference 
with its contractile power without disturbance of its excitability. 

Wenckebach investigated a number of cases of cardiac beriberi in the Dutch 
East Indies and Singapore, taking special precautions to inject hardening fluid, 
and he was thereby able to confirm the presence of certain gross anatomical 
changes which are demonstrable during life by radiography. The whole of the 
right side of the heart is enlarged, while the left remains comparatively small ; 
the conus arteriosus takes part in the change. The large systemic veins are 
commonly dilated, and as much as three litres of blood may escape from the 
right auride. The extrapericardial pulmonary vesseb are not abnormally 
congested, llioroscopic examination of the heart muscle after death reveal 
intracellular oedema, sarcolysis, and hydropic degeneration, probably primarily 
due to excess of lactic acid, brought about by defective oxygenation. The 
primary lesion is, therefore, a loss of contractibUity of the heart muscle, related 
to water retention, with consequent loss of peripheral vascular tone. The 
clinical picture and its response to adrenalin and pitressin, together with the 
lowering of diastolic pressure, accord with these findings. 

Aalsmeer employed the results of these observations as a practical test to 
indicate the stage of the disease and response to treatment. The diastolic 
pressure is known as the “ minimum tone pressure,** because it is the pressure 
registered by the sphygmomanometer at the moment when the auscultatory 
bruit disappears aith decompression of the brachial artery. The essence of the 
test is that, when the diastolic pressure is registered, the administration of adre- 
nalin in hypodermic doses of 1 mgm. will be found, if observations are taken at 
five-minute intervals, to bring the pressure down to zero in an uncured case of 
beriberi. That is to say, the auscultatory murmur will persist during complete 
relaxation of the pressure of the artery as long as the patient is under the influence 
ofadrmmlin. 

Cardiac attacks . — Most cases die from paresis and over-distension of the 
right heart, complicated and aggravated by a^dema of the lungs, dia- 
phragmatic paralysis, hydrothorax or hydropericardium. Sudden cardiac 
failare (termed by the Japanese “ Shdsiun is often contributed to by the 
oo-^xistence of pleural effusion, hydropericardium, pan^is of the diaphragm, 
over-distension of the stomach by food or gas, and, alx>ve all, by cedema 
of the lungs. It can readily be understood how any additional ol>st ruction 
of this description would still further tax the dilat^, enfeebled heart and 
detennine the fatal issue. 

Great varidy in degree and combination oj symptoms . — Some cases are so 
trifling that the patients are up and moving about with more or less 
freedom ; others lie like logs in their beds, unable to move a limb or perhaps 
even a inger. Some are atrophied to skeletons, others are swollen out 
with dropsy, and some show just sufficient dropsy to conceal the atrophy 
of mnscles. Though the cranial nerves above the seventh are very rarely 
involved, in some the laryngeal muscles are paralysed, the patient being 
unable to speak above a wUsper or to produce an explosive cough. In 
one or two eases the abdominal and the perineal muscles may be so pro* 
f^dly paralysed that, when cough is attempted, at most a husky expira- 
tion is produced, while the belly is bulged forward and the perineum shot 
downward by the sudden contractiaD of the muscles of expiration^ The 
deep reflexes do not reappear for months, perhaps, after the patient is 
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well in all other respects. In some epidemic outbreaks, as, for instance, in 
Iraq in 1916, an irregular pyrexia, seldom exceeding 100° F., was noted. 

llnceriain course . — Beriberi slowly or rapidly declares itself after an 
incubation period of weeks or months.; it may be preceded by a period 
of intermitting languor, .aching legs, palpitations, breathlessness, slowly 
advancing oedema of legs or face ; or the patient may wake up some 
morning and find that Juring the night he has become dropsical or paretic. 
Thus, the disease may develop slowly or rapidly. Equally uncertain are 
its progress and danger ; witWn a day or a week, or at any time during 
its course, it may assume fulminating malignant characters. It may com- 
pletely subside in a few' days, or it may drag on for months. It may get 
well apparently and then relapse. It may, and generally does, clear up 
completely ; or it may leave a dilated heart, or atrophied limb muscles 
with corresponding deformity. The variety in the severity, progress and 
duration of beriberi is infinite ; but in all cases the essential symptoms are 
the same — greater or less oedema, especially over the shins ; muscular 
feebleness and hyperaesthesia, especially of the legs ; numbness, especially 
of the front of the shins, of the finger-tips, occasionally of the lips ; liability 
to palpitation from cardiac dilatation, and to sudden death from the same 
cause. 

Secondary beriberi . Beriberi manije^fations produced by other diseases. 
Alcoholic beriberi . — It has long been recognized that alcoholic neuritis 
n^mbles in many n^spects the paraplegic form of beriberi. It resembles 
it so closely that in recent years the idea has gained ground that this 
resemblance is more than fortuitous, and that in both conditions there is 
an anteccKlent deficiency of vitamin B,. The thtx)retic^l considerations 
advanc<id by Shattuck have led to the recognition of a variety of intestinal 
conditions in which polyneuritis may occur, such as gastric carcinoma, 
chronic intestinal obstruction, and ulcerative colitis, and, in the opinion 
of some obst^rvers, all thm» should be included under the heading of 
w>€ondary beriben. Cases have been repork^d of alcoholic addicts with 
congestive heart failure and polyneuritis who have recovered completely 
after treatment by rest, a high-calorie diet, and vitamin B,. 

Multiple factors are probably concerned in the production of alcoholic 
b*iribi»ri, including defects in diet and assimilation acting in conjunction 
with increased tissue requirements for vitami/i Bj due to an increased 
raU} or type of metabolism. Many cases of alcoholic neuritis have now 
lH*en cun?d by the continued inj«H!tion of aneurin. Wei^s and Wilkins 
(1986) described the clinical syndrome of cardiac beriberi associated 
with alcoholic gastritis, which resembles the classical form of the disease. 
Alcohol is a significant factor in precipitating beriberi, not only becau^ 
it supplies calories without B|, but also because its metabolic effect is 
similar to that of pure carbohydrate. In response to aneurm the cardio- 
vascular disorders disappear before the polyneuritis. Dysfunction of the 
cardiovascular system resulting from unl?alanced food intake is a disease 
of regular occurrence in America. Tachycardia, followed by bradycardia, 
and gallop rhythm with electrocardiographic changes are consider^ to be 
dmractei^tio of the beriberic heart. 

Strauss thought that the potyneurUis of pregnancy may be of the same 
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nature when pernicious vomiting occurs. In diabetic neuritis also it has 
been showusthat the injection of aneurin exerts an influence upon carbo- 
hydrate metabolism. 

Infantile beriberi. — This form is common in Egypt, the Philippine 
Islands, South China and certain Pacific Islands, and causes a high infantile 
death-rate. In the Philippines especially it was a terrible scourge, account- 
ing for 16,500 deaths aimually, or 28-1 per cent, of total deaths in infants 
under one year. It is not necessary to regard it as resembling adult 
beriberi in miniature, for it differs in many essentials. The disease often 
occurs in the rainy season. It is never seen in Caucasians, rarely in half- 
castes, and should be regarded as strikingly a disease of poverty. It 
usually affects breast-fed infants of mothers who are either themselves 
victims of the disease or subsist on a diet poor in vitamins. In Hong Kong 
Fehily stated that in initial, subacute and acute infantile berilieri breast- 
feeding immediately antedates the symptoms, but in the chronic form 
breast-feeding might have ceased weeks or even months previously. 
Removing the infant from the breast, or administering an extract of rice 
bran, usually leads to a rapid cure. 

Vedder and his American colleagues believed that the disease depends 
upon deficiency during uterine life and after birth of a substance in the 
milk which is essential to the growth and development of the child’s 
nervous system. However, in children who die in this manner no imper- 
fection or lack of development of the nervous system has been noted. In 
the most acute type it is children previously healthy, 1 J to 8 months old, 
who are usually attacked ; after a series of convulsions the child suddenly 
dies of acute heart -failure. In less fulminating cases, vomitii^, dyspnoea, 
dysphagia, and aphonia may precede heart-failure. The child moans in 
characteristic fashion and the beriberic cry is diagnostic. Ptosis is also 
common. The blood pressure is low. The total acidity and free hydro- 
chloric acid in the gastric juice are reduced. Occasionally, chronic cases 
are seen in which progressive weakness and wasting, with periodical 
attacks of vomiting, occur. In neither form has true paralysis b^n noted, 
except that underlying aphonia which was ascribed by Japani!se workers 
tf) a paralysis of the left recurrent laryngeal nerve from pressure by a 
dilated left auricle. According to Chan, the knee-jerks are usually absent. 

Some highly interesting iuggeetions were made by G. W, Bray on the in- 
habitants of Nauru in the Pacific. The death-rate from infantile beriberi In that 
island, amongst breast-fed babies from eight to ten weeks after birth, had 
been approximately 30 per cent, of the total deaths during twelve years. The 
motheni themselves showed no signs of dietetic deficiency, though thdr dietary 
was sin gul ar ly deficient in vitamin Bj. Bray was able to demonstrate the almost 
instantaneous effects of partially-fermented ** toddy (the sap of the coco-nut 
spathe), not only in cure, but also in {u^ventkm. The dosage of “ toddy ** is 
half a drachm twice dally during the first month, one drachm twice daily during 
the second, three times daily from three to six months, uid over that age, three 
to four ounces weekly. In oonsequenoe of this dmple measure the disease 
ceased to exist amongst the Nauruans, while the incidence of a variety of otbar 
disordem, such as bronchitis, pneumonia, furunculosis and otitis media abated. 
It ajmeared that this peculiarly dramatic form of infantile bedbed became 
prevamt since the use of ** toddy ** was prohibited by Cknrenuneni order. 



Fi|.l2.-liiliiiiii(beril(rL NiunwicbiMincoovulilofls. Note general 
lomrci (Dr.OJ'Jray.) 

Mortallty.-Tlw mortality in liorilH'ri varies in diffm'iit cpidpiiiics 
and in different localiti(‘8. On the whole, it is ijreater in low than in high 
latitudes, in the dnipsical than in the atrophic forms, in the acute than in 
the chronic. In some epidemics it is as high as 80 per cent, of those 
attacked ; in others as low as 6 per cent., or even lower. 

Burnln j Feet,-“ Chachalch ” (Somaliland) ; " Biraaheb.” 

Thii is a very chronic condition which has been recognized in Malaya, British 
(luiana, West Altioi, and Sonialibd for many years. Buchanan reported 
on a series of over 100 cases from Somaliland. Pain is usually generalized, 
but may ooeur in various localities, particularly the joints, and at the back of the 
neck and in the shoulders. 

In 82 per cent, there was solid mdema of varying degree, whilst there was 
thicker^ of the subcutaneous tissues, especially of the thighs, abdomen, and 
pectoral and deltoid areas in 41 per cent. Epigastric pain is common and 
constipation the rule. The knee’jerks are diminished in 39 per cent, of cases. 
In Malaya, Kingsbury noted sixteen cases, all, with one exception, inSouthern 
Indians. The patients complain of severe “ burning feet," usually limitwl to the 
eoles, but oooaiionilly Involving the lower part of the legs. In some instances 
the pb was deinitely wone in the mornings and was always intensiy by 
walking, i* * di^te history of formication, This condition is 
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now considered to be a deficiency disease, probably connected with beriberi, and 
also to be curable by administration of vitamin B,. Since Moore, Scott, Landor 
and Pallister have described neurological symptoms (weakness, ataxia, inco- 
ordination and loss of visual and auditory acuity) associated with burning feet, 
Stannus believes that it is a further manifestation of aribofiavinosis (p. 441). 

Diagnosis. — Usually the diagnosis of beriberi is not difficult. Multiple 
peripheral neuritis occurring as an epidemic, or in a place or ship in which 
the disease has occurnMi on some previous occasion may, as a rule, be set 
down as beriberi. Sporadic cases may be difficult to diagnose, espcKsially 
if there is a history of alcoholism, of malaria or of drugging with arsenic. 
The presence, actual or past, of oedema — especially of cedema over the 
shins — and palpitations and other evidences of cardiac implication, are 
significant of beriberi. In the atrophic or paralytic type the jongck or 
“ squatting test is very useful. The patient is unable to assume, or rise 
from, a squatting position ^^ith his hands on top of his head. It must be 
borne in mind that slight anesthesia of the praetibial skin area, slight 
OBdema of the same region, slight hypenesthesia of the calf muscles, and, 
perhaps, impairment or absence of knee-jerk may Ik* the only signs. 
Bheumaiism is rare in the trayics. 

Pyruvic acid determination in the blood is of diagnostic value. Jji acute 
beriberi the bltx>d contains about 2 mgm. per cent. ; in untreated chronic 
cases 1 *5 mgm. per cent, and in those injecbKl with aneurin about 0*5 mgm. 

Meyers introduced two new tests for the diagnosis of bt»ril)eri. The first 
is the development of, or increase in, an audible sound in the ante-cubital 
space after subcutaneous injection of adrenalin. The second and more 
important is the estimation of diuresis after the fasting patient has drunk 
a litre of water. The volume of urine passed every half hour is charted 
for four hours. A normal person excretes all the fluid, but in beriberi 
there is water retention ; this should disappear after treatment with 
aneurin. (Volhard’s diuresis test.) 

Differential diagnosis. — Cases have been diagnosed as cardiac 
disease, tabes dorsalis, muscular rheumatism, progressive muscular 
atrophy, ascending spinal paralysis, and liave over and over again been 
relegat^ to that refuge for ignorance, malaria. There should be no 
difficulty in distinguishing lx‘riberi from tabes dorsalis, by the Argyll- 
Bobertson pupil and the positive Wassennann reaction. In both paraplegic 
beriberi and locomotor ataxia, Abadie’s sign (absence of pain on compress- 
ing the tendo Apbillis) is present. 

Beriberi can be differentiated from alcoholic neurUis by the tremors and 
menial disturbances which are generally obvious ; from arsenical netirilis 
by the pigmentation, the diarrhoea, and digestive disturbances, and by the 
hyperkeratosis of the palms and feet th^t is apt to (kscut in this intoxication; 
from chronic lead-poisoning by the blue line on the gums, the wasting of 
the arm and leg muscles which are most in use, the characteristic sparing 
of the supinator longus, and the basophilic stippling of the red blood- 
corpuscles ; from kUhyrimn by the presence of the knee-jerks and the 
absiaice of muscular hyperassthesia in this affection ; and from triortho- 
eresyl phosphate poisoning (ginger or jake paralysis) which causes a flaedd 
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form of motor paralysis. Tho differential diagnosis from heart disease, 
clironic nephritis, and ancylostomiasis is sufficiently obvious. 

It may be necessary to differentiate Korsakoff’s syndrome, Landry’s 
paralysis or Wernicke’s syndrome. 

Schretzenmayr described the radiographic appearances of the beriberi 
heart. Three stages can be distinguished ; of these the second, with special 
enlargement of the right auricle, is regarded as characteristic of beriberi. 

There are probably other forms of polyneuritis distinct from beriberi, which 
may closely simulate it. Possibly these infectious forms of polyneuritis are 
occasioncKi by an organism as yet undetermined. Possibly also, infective forms 
of polyneuritis o<icur in association with food -deficiency. Thcjse may account 
for sporadic cases in which pyrexia is prominent, and also for isolated outbreaks 
not apparently associated with a faulty dietary. 

Famine cedema (nutritional oedema) is more pronounced than oedema of 
simple starvation, and other causes than mere lack of sufficient nutriment are 
at work. It is most pronounced in the feet and legs, and marked muscular weak- 
ness and ahmentary -tract disturbance an* common. When there was a shortage 
of fats, as in Central Europe during the 1914-1918 war, ocular manifestations 
were frequent. In Java and Haiti a form of malnutritional oedema is prevalent 
among individuals whose diet is inadequate, and amongst infants fed on a 
preponderantly starchy diet over a long period. In these a generalized dropsy, 
similar to famine (edema and oedematous beriberi, is observed. Though resem- 
bling oedematous beriberi, this condition is probably not due to vitamin deficiency, 
but to lack of albumin and fats in the food. Blood analysis reveals a deficency 
in the albumin-content. The condition is curable by a libc*ral dietary. 

Pro^osis. — The tendency to dilatation of the heart is the dangerous 
element in Ijeriheri ; it should always dominate treatment. It is wonderful 
how rapidly it may come on, and how quickly it may prove fatal. Sudden 
deaths, occurring sometimes from syncope — from instantanious failure, as 
well as from the somewhat slower process of increasing over-distension — 
are constantly found. An absolutely favourable prognosis, therefore, 
ought never to ventured, even in the mildest -looking case, nor so long 
as the patient is exposed to the conditions causing the disease, or the 
neuritis appears to be active. That is a lesson which is often, and some- 
times painfully, lx»me in upon the practitioner in beriberi districts. 

Eviderwejf of grave heart-im plication, such as pulsating cerv’ical vessels, 
equal spacing of the intervals between the sounds audible on auscultation, 
enlargement of cardiac dulbess, especially to the right, epigastric pulsation, 
a rapid feeble pulse, a distended stomach, cold extremities, cyanosis, 
dyspneea, and a disproportion in the strength of the heart- and wrist- 
beats, Bxo significant of danger. Paralysis of the diaphragm, of the inter- 
costal muscle, ejciensive serous effusions and very scanty urine are aldo 
unfavourable signs. 

Vomiting . — No one can say when or how soon fatal irapli^tion of the 
cardiac nerves and muscle may take place, hut vomiting is always an 
ugly and threatening symptom. The Japanese regard it as of fatal import. 
Marked dilatation of the stomach has a similar significance. • 

Prognosis is improved if the patient is placed on a non-beriberic diet and 
*8 treated with full doses of aneurin before the heart-muscle or the cardiac 
or respiratory nerves are gravely degenerated. 
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Treatment 

The first and most important thing is the diet. From this, rice, especially 
white rice, should be eliminated, and some article rich in vitamins — such 
as beans, peas, peanuts, barley, wheaten flour (not overmilled), or oatmeal 
— substituted. Apart from other considerations, rice is a bad food for 
beriberics ; it is too bulky. Eggs are valuable sources of the anti-beriberi 
factor, which is not destroyed even when they are dried. Yeast has 
curative properties ; the extract' known as marmite may be given in doses 
of 1*5 grm. daily. Animal food, including fat and milk, must enter into 
the dietary for general nutritional purposes. The worst CRses, particularly 
if there is any sign of serious cardiac implication, should remain in l>ed : 
but the mild cases had letter spend the greater part of the day in the 
open air. 

In cardiac cases, with a view to diminishing to some exUuit th(* bulk of 
blood in the vessels and heart, the seriously affected patients should take 
little fluid, and keep the bowels free by full and repeated doses of some 
saline aperient. Small doses of digitalis or strophanthus seem to do good. 
Should signs of acute cardiac distress appear, full doses — 8, 4, or 5 drops 
of the 1 per cent, solution — of nitroglycerin are mdicatcMl, and intravenous 
injections of ouabaine (a French preparation of strophanthin) to gr. 
may be given. The dose must be repeaU»d every quarter- or half-nour, 
and kept up until the threatening symptoms pass away. In suddenly 
developed cardiac attacks, inhalations of nitrite of amyl, pending the 
operation of nitroglycerin, are useful. Should signs of cardiac distension 
and failure persist and increase in spite of these means, there must be no 
hesitation in bleeding the patient, taking, if it will flow, eight or ten ounces 
from the arm or (this failing for any reawm) from the external jugular. 
Often, as the blood flows, rapid amelioration of the alarming condition 
sets in, and the patient is, for the time being, tidfnl over an acute danger 
and given another chance. The bleeding should l>e repeated if the alanning 
symptoms recur, as they are almost sure to do. Oxygen inhalations, if 
available, are worth trying in cardiac? attacks. Pleural and pericardial 
effusions should be sought, and, if deemed to be interfering in the slightest 
degree with the circulation or respiration, drawn off with the aspirator. 

llie introduction of vitamin B| (aneurin) as a therapeutic agent has 
entirely revolutionized the treatment of beriberi, and its dramatic effects 
are best observed in the acute cardiac cases when given in big doses. 
Hawes, Monteiro and Smith emphasize that it is in the acute attack^ 
which break out without any previous warning that its effects are best 
seen. Wilkinson recommends immediate intravenous injection of 60 
mg^ of aneurin, to be repeated two or three times in twenty-four hours 
imtff serial skiagrams show that tJhe heart has become reduced to normal 
limits. In moribund patients the injection has been made direct into the 
jugular vein with spectacular success. There are two crystalkme prepara- 
tions in u8e*for injecli<m, Betaxan (Bayer) and Bevmva (Hoffman, La 
Boche). These preparations normally contain 2 mgm., but tiie strong or 
forte '' dose is 10 mgm., oi crystalline weurin per e.c. 
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preparation “ Bemax ” is widely used. Crystovibex (Parke, Davis & Co.) 
is aneurin in tablet form, and is issued in two strengths, 883 international 
units (1 mgm.) or 2,281*2 international units (6*7 mgm.). Benerva and 
Betaxan are also issued in tablet form for oral administration in doses 
of 1 mgm. each. 

Hawes originally showed that active extracts of vitamin Bj, when given 
by the mouth, are destroyed in the stomach, but after the injection of a potent 
extract most striking therapeutic effects are noted. In cardiac or cedematous 
cases the patient, even when moribund, at first becomes restless after the 
injection, but no effect is noted in the pulse rate or in the diastolic or systolic 
pressures for an hour or more. If insufficient vitamin B, has been injected, 
there may be a return of the dyspncea, sudden collapse and death. In many 
cases, recovery is extremely dramatic. The dosage varies in different cases. 
The reaction is quantitative, and the results become apparent in the rise of 
systolic and diastolic blood-pressures. 

In advanced paraplegic cases the results of aneurin treatment are by no 
mmns so satisfactory ; whereas pain and subjective dysassthesia are 
relieved, the nervous signs take a long time to disappear. In the Far East, 
(^specially in China, results are disappointing, because patients inevitably 
relapse when they return home and resume their polished rice dietary. 

Breast-fed beriberic infants should be removed from the mother and 
handed over to a healthy wet-nurse, or placed on the bottle. Sometimes 
this is impracticable ; in such cases in the Philippines a preparation of 
extract of rice- polishings, known as “ tiqiii-tiqui,*’ has the reputation of 
being wonderfully efficacious. It is given to the extent of 6 c.c. a day in 20- 
drop doses every two hours. At the end of twenty-four hours the most 
alarming symptoms disappear, and the child is well in tluee days. If the 
case is a very severe one, double doses should be given, and the tiqui-tiqui 
continued so long as there is any aphonia. Under modem conditions 
obviously aneurin is indicated. How found that in the most acute cases 
one injection of 6 mgm. aneurin^ followed by 8 mgm. by mouth, sufficed. In 
chronic cases oral administration is satisfactory. 

Excretion oj aneurin , — The excretion of aneurin in the urine can be 
(estimated, with sufficient accuracy to be of clinical value, by the thiochrome 
method without the use of the fluorimeter. Rapid excretion takes place in 
the first three hours after subcutaneous or intramuscular injt^ction. It is 
suggested that A certain amount of injected aneurin is ejtcreted before 
there is time for it to be stored in the tissues (Marrack and Hoeliering). 

Other measures. — For the atrophy of the muscles and ansesthesia of 
the skin, faradization and mass^ Should be employed as soon as the 
muscular hypertesthesia has begun to subside. Hot-air baths are of con- 
siderable service. Care should be taken that permanent deformity does 
not occur from contraction of muscles. Foot-drop should be counteracted 
by Phelps's talipes splint with an elastic accumulator, and any other 
threatened deformity appropriately met. Relapses must not be risked by 
a return to the original diet. 

Prophylaxis* — In institutions under Government control, or in condi- 
tions in which it can be successfully enforced, there should be a stringent 
rule against the use of overmilled rice. To legislate against the use of 
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Synonyms .—Mai de la Rosa ; Mai Rosso ; Alpine Scurvy ; Asturian 
Rose. 

Definition and description. — An endemic disease of slow evolution, 
which is undoubtedly connected with dietetic deficiencies, characterized by 
a complexity of nervous, alimentary and cutaneous symptdhis, which make 
their first appearance during the spring months (sometimes the autumn), 
and recur year after year at the same season, remitting more or less during 
the winU^r months. It is for the most part confined to the poorer classes, 
(‘Specially agricultural labourers. The more distinctive features are (a) 
a remitting dermatitis of the exposed parts of the body ; (6) marked 
emaciation ; (c) ^profound depression alternating with mania ; (d) a 
terminal confusional insanity. 

History. — The history of pellagra is comparatively recent. In Spain it was 
first described by Casal in 17(53, under the name of mol de la rom. In Italy the 
disease, under the name of Scarbvio alpinOf was described by Odoardi in 1776 
and by FrapoUi in 1771. The earliest mention of pellagra in France dates from 
1829. We know nothing of the history of pellagra in Egypt before the publica- 
tion of Pruner’s Topographic m6dicale du Caire,” in 1847. In the United 
States of America, although there is evidence of its sporadic occurrence there for 
at least fifty years, before its nature was recognized, pellagra was first diagnosed 
as such in 1907. It is especially prevalent in the South-Eastern States. Dr. H. F. 
Harris, Health Officer of the Oeorgia State Board of Health, estimated that there 
were 60,000 ceases of pellagra in his State, and in 1916 there w ere 150,000 pellagrins 
in the j^uthem United States alone, though during recent years the American 
outbreak has l>ecome milder. 

Since 1912 sporadic cases of the disease have been reported in the British 
^1(1^8. Many of these fall into the category of what is known as “ secondary 
pellagra.” ^ 

Geographical distribution. — Europe : Pellagra is found in Northern 
Portugal, in Spain, in Italy, in the south-west of France, sparingly in Den- 
mark ami in the British Isles, in the Austrian Tyrol, in Hungary, Croatia, 
Dalmatia, Bosnia, Jugoslavia, Bulgaria, Turkey, Greece, Corfu, Roumania, 
Bi^ssarabia, Kherson, Poland and Transcaucasia. A few ca8(:« have been 
ri^ported from Germany. Africa : Algeria, Tunis, Egypt, Spdan, the Red 
8t(a coast, Rhodesia, Nyasaland, and among the Kaffirs and Zulus. It 
has also been recognized in Tanganyika, Kenya and on the Gold Coast. 
Asia: It has been reported from Asia Minor, Armenia, Syria, North Behar 
and Deccan in India, the Malay States, the Philippine Islands, Japan, 
China and Korea. An outbreak of pellagra was recorded in Nanking in 
1920, in Shanghai in 1940, and by French observers in Szechuan. Yu 
reported typical cases in Manchuria. It was especially preyal^t 
among Turkish troops and Armenian refugees in Palestine and Syria during 
the 1914-18 war. Anwricai Canada (since 1914), the United States, Mexico, 

^ Por more (Miiaiad Infonmitloo the mdwr a rtferred to the maiteiiy wmmuT by H. 8. Stannos in 
tbe Trvptmi Mkiin, S8, 10-lS, and 84, S. 
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Central America, Brazil, the Argentine, Barbados, Jamaica, and probably 
other West India Islands, Australctsia : Pellagra has been reported from 
New Caledonia and in Australia (Melbourne). 

Pellagra in Great Britain. — ^According to Stannus, the first authentic 
case in Great Britain was reported by Howden in 1806, the second by Brown in 
1906, and the third by Brown and Low from Shetland in 1909. In 1912 a series 
of six oases was investigated by Sambon and Chalmers, and in 191 3 Box published 
his two famous oases in St. Thomas* Hosjntal. Since then it has come to be 
generally recognized that pellagra is found sporadically in lunatic asylums and 
other institutions, in subjects of general malnutrition. In the statistics of the 
Board of Control in the period 1913-1918, 45 deaths were noted. In 1922 there 
were 21 deaths, mostly from the Lancashire Mental Hospital, Rainhill, and 
during the period 1913-1928 there were 104 deaths from pella^^ amongst asylum 
inmates. 

Epidemiology and endemiology. — An important epidemiological 
feature of pellagra is the marked fluctuation of its prevalence from year to 
year. Thus, there may be long periods of quiescence, followed by years of 
considerable activity during which the disease may be looked u|K)n as a 
new invasion. There is no evidence that pellagra is spread by contagion. 
The sound may associate with the sick and remain healthy. Doctors, 
nurses, and attendants on pellagrins are not known to contract the disease. 
Pellagrous wet-nurses do not infect their charges. 

Associated diseases, such as ancylostomiasis, bilbarziasis, malaria, 
tuberculosis, cceliac disease, idiopathic steatorrhcea, sprue, chronic bacillary 
dysentery and syphilis, play a very important part in favouring the 
development of pellagra, in accelerating its course, in modifying and 
aggravatmg its symptoms, and in determining its mcxle of teniiination. 

Season.-^i all diseases with marked seasonal comiection, pellagra is one 
of the most striking. The pellagra season varies in different localities, but 
is always the same in the same locality. 

In Europe the disease invariably appears in manifest and epidemic form during 
the spring and autumn quarters, the spring outbreaks being by far the more 
severe, the autumnal recurrence often inconspicuous or lacking. In Egypt, 
according to Chalmers, there is a spring invasion in April and May, and an 
autumn recurrenoe in November. In Nyasaland, according to Stannus, pellagra 
seems to prevail chiefly during August, September, and O^ber, which are the 
spring months in the southern hemisphere, and again, though to a lesser extent, 
in January, February, and March (faU recurrence). In the United States of 
America, owii^ to tl» vast extent of territory and great variety of climates, the 
periodical incidence of the disease is necessarily different in different seettons. 
In the Northern States, as in Europe, the disease exhibits the usual well-marked 
double inddenoe, the spring outbreak occurring in May and June, the autumnal 
one in September and October. In the ha south the titsease may appear as 
early as January, and may be met at any period of the year. In Biu'badns it 
seems to prevail more or less from May to Oetobcdr or November. While the 
wkk range of pellagra throughout the wcn^ld might suggest that dimate exerts no 
special influence, the very di^nite seasonal peri^dty shows that climatic factors 
play an important, tho^ indirect, part. 

&ac. — Both sexes are liable, but in different places the disease exhitiits a 
vesy different predilection iot the one or other sex in accordance with the 
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occupations and habits of the people. In the United States it is said to be 
more prevalent in women from 17 to 40 years of age ; the debilitating 
effects of menstruation, pregnancy, and lactation are held to be predisposing 
and determining factors. 

Age , — Pellagra is a disease of middle age, the majority of cases occurring 
between twenty and fifty. Within the endemic centres children are 
attacked, and infantile pellagra is common in West and East Africa and 
Southern China {see p. 441). 

The disease prevails most of all among field-labourers. The 
inhabitants of towns, even of those in the very heart of intensely pellagrous 
districts, usually enjoy immunity. Although it has been stated that 
pellagra is rare in the Jewish race, it is quite common in Palestine, where it 
is confined !o the poor town dwellers, whilst agricultural labourers for the 
most part escape. 

The flooding of some of the Southern States in America by the over- 
flowing of the Mississippi in 1927 afforded a practical example of the 
dietary factor. Pellagra, though common in these States, depends to a 
great extent on economic conditions. The diet of molasses and commeal 
contains very little of the Pl^ factor, and only when the financial conditions 
allow can milk, eggs, etc., be purchased. The failure of the cotton crop 
meant poverty, reduced food, and pellagra. 

AEtiology. — Pellagra was formerly ascribed to the most varied causes, such 
as insolation, poverty, insanitary dwellings, syphilis, irritant oils, bad weather, 
alcohol, garlic, onions, maiaw. Some regarded it as sunstroke of the- skin. 

“ Sun dimmse ” was an old popular name, and certainly the skin manifestations 
of pellagra auv influenced by the action of the direct rays of the sun: This was 
proved experimentally, first by Gherardini, who varied the limits of the eruption 
by systematically displacing parts of the clothing ; and later by Hameau, who 
obtained differently shaped patches of erythema by means of gloves fenestrated 
in different ways. In smallpox, and also in other exanthemata, light has a decided 
influence, more particularly the actinic rays, on the production of skin eruptions. 
Although light may influence the eruption in pellagra, this is no adequate reason 
for concluding that insolation is the cause of the disease, any more than that it is 
the cause of smallpox, and in fact other stimuli applied to the skin, such as 
pressure or exposure to X-rays, may cause the appearance of a pellagrous der- 
matitis. 

PtUagra and maize , — The general opinion was that pellagra appeared soon 
after the introduction of maize into Europe, and that it e^vanc^ pari passu 
with the extension of maize cultivation and wnth the more general adoption 
of the new cereal as an article of food. For these and other refsons maize was 
held by many to be the causative agent of pellagra, just as a certain condition of 
rye was known to be the cause of ergotism ; and, as in the latter case, various 
theories have been propounded to explain the operation of the assumed cause. 

Lombroso and Bellardini, in 1871, &«t advanc^ the theory that the prevalence 
of pellagra in Italy was due to the consumption of diseased maize, and their ideas 
subsequently formed the basis for public measures against the disease in that 
country, as well as in Southern Europe. In Lower Eg 3 rpt, a^ pointed out by 
Wilson, pellagra is common, as compared to Upper Egypt, and it is in the Delta 
that the proportion of land given over to maize is considerably higher than that 
under whnat, so the distribution of pelh^hk in that country omresponds to the 
area of maize cultivation. 

Deeks in 1 91 2, and Funk in the same year, suggested tlmt p^lagra was a disease 
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produced by a deficiency in diet. In 1914 Ooldberger and Wheeler fed a squad 
of eleven prisoners on a rich carbohydrate diet deficient in proteins. After five 
months, six developed cutaneous symptoms suggestive of pellagra (the first 
lesions consisted of an erythematous patch on the scrotum). An experiment in 
the converse direction also proved successful, for, by substituting a rich protein 
diet for one consisting in great part of carbohydrates, they succeeded in 
banishing pellagra from an orphanage asylum in which up to that time pellagra 
had been in evideiioe. In 1917 Ooldberger successfully disposed of the '' infection 
theory ” by obtaining sixteen volunteers who attempted to infect themselves by 
ingesting skin scales and naso^pharyngeal secretions of pellagrins over a period 
of six months. They remain^ quite healthy. In 1919 the commission which 
investigated the prev^ence of pellagra amongst the Turkish prisoners in Egypt 
attributed the cause to a primary deficiency of “biological proteins (B.P.V.= 
Biological protein value). 

The Vitamin Bf Complex. — Ooldberger, who at first believed that an amino- 
acid deficiency was the cause of pellagra, in 1922 obtained evidence pointing in 
another direction. Having discovered that yeast was effective in preventing 
and curing blacktongue in d(^, generaUy considered to be analogous to pellagra, 
Ooldberger and Tanner tried the effect of yeast as a prophylactic in the human 
disease, and found that 30 grm. daily of brewers’ yeast gave complete protection. 
This would supply less than 16 grm. protein, and later it was found that an acid 
preparation of yeast, which contained very little protein -nitrogen, in doses of 
16 grm. daily, was equally effective. A PP (pellagra -preventive) factor was 
therefore postulated in yeast and other foodstuffs. As the result of these 
investigations on man and experimental work on rate, Ooldberger and his col- 
leagues were able to identify the PP factor with a vitamin in the yeast- vitamin 
complex differing from aneurin in its stability to heat and its cUstribution in 
fooclkuffs. 

It was subsequently discovered that the PP factor was in fact composed of 
elements of the vitamin B complex the chief constituent of which was nicotinic 
acid or nicotinamide. Modem opinion is that riboflavin (the typical vitamin B,) 
is concerned in the genesis of several of the more prominent pellagrous lesions. 
“ Aribofiavinosis ” is quite distinctive and has been well describ^ by 8yden- 
Strieker. 

Liver and meat contain a high proportion of nicotinic acid and this explains 
the well-ascertained fact that these substances are effective )n the treatment of 
pellagra in man, as well as of blacktongue in dogs. Nicotinic acid and riboflavin 
have been found to be efficacious in the treatment of pellagra {me p. 443). 

Althoi^ there can be no doubt that deficiency of nicotinic acid causes pellagra, 
the relation of the disease to the amount of this vitamin in food and the associa- 
tion of pellagra with maize is not yet quite clem*. Maize contains less nicotinic 
acid (1-1*6 mgm. per 100 grm.) than wlmt (4 mgm.), but more than rye, millet and 
refined flour. It is possible that the nicotinic add in maize is, in some ways, 
unavailable. 

The imt infrequent occurrenGe of secondary peHagra is probably due to non* 
absorptkm of the necessary vitamins by a diseaiied or non-iffinotioning mucosa. 

Pathology .—Tiw pathological features essential to pellagra may be obscured 
by oom|fficating diseaM, such as badllary dysentery and tuberculods. The 
morbid anatomy is neith^ constant nenr chara^ristic ; for this the ohronidty 
of the disease, the variety of the symptoms, and the many intereurrent affeotioni 
which may arise are respomdble. 

A constant and strild^ feature is the great emadathm. The visoera show 
chronic degenerative ohan^, particolariy fetty degenerathm, and a charmeteristie 
deep pigmentation. The intestinal widls are greatly attoiuated through wasting 
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of their muscular coat, while at the same 4ime the mucous lining is hyperfismio 
and, not infrequently, ulcerated. The liver and spleen are usually atrophied. 
The suprarenal capsules may be atrophied and the cortex may be black, while 
the medulla is whitish and may be the seat of hsemorrhages. The heart is usually 
in a condition of brown atrophy and weighs only 2-3 ounces. 

There may be wasting of the brain, the ventricles being distended by an excess 
of fluid. In the cord the lateral columns and the croaaed p 3 Tamidal tract are 
especially implicated, but the direct cerebellar tracts usually escape. The 
interior cornual cells are frequently atrophied and deeply pigment^. The 
posterior columns do not escape, the med^n portion often being degenerated. 
The degenerative changes in the lateral columns are chiefly in the middle and 
lower thirds of the dorsal region, those of the posterior columns principally in the 
cervical and upper dorsal region. The oerebro-spinal fluid shows little change ; 
there is usually no increase in the globulins. 

Mott remarked on the changes in the cerebrum, cerebellum, pons, medulla, 
and spina] cord that in none of the sections is there any evidence of meningeal 
or perivascular infiltration with lymphocytes, plasma cells, or polymorphonuclear 
leucocytes. All the changes were like those produced by a chronic toxsemia, 
possibly in the manner already suggested. The posterior spinal ganglia cells 
show, in varying degrets a pronounced chromatolysis, swelling of cells, and 
disappearance of NisaFs granules, and ail the anterior-hom cells and their homo- 
logues in the medulla and pons a varying degree of perinuclear chromatolysis. 
With the Marchi method, degeneration is most deflnite in the column of Goll. In 
most cases the afferent tracts are more affected than the efferent. There is 
usually marked chromatolysis of the cells of Clarke's columns. The Betz cells 
of the cortex and the cells of Purkinje showed similar changes, but in a lesser 
degree. In short, the changes in the central nervous system resemble those of 
central neuritis (Adolf Meyer) or of subacute c*<imbined degeneration of the cord. 

Shattuek drew attention to the close setiological relationship between beriberi, 
Korsakoff's syndrome, pellagra, central neuritis, and subacute combined degen- 
eration of the cord. * 

Central neuritU^ which is undoubtedly allied to pellagra, was first described by 
H. H. Scott on sugar estates in Jamaica, and it was subsequently found in Sierra 
Leone and Nigeria. The central nervous lesions are widespread ; the peripheral 
nerves are demyelinated and the posterior root ganglia of the spinal cord show 
degenerative changes. The medulla, cerebellum, basal ganglia and optic nerves 
are also affected. 

Clinical pathology. — There is hypochlorhydria in 40 per cent., and 
quita frequently achlorhydria. In advanced polla^a there is usually 
aiuninia, which is of macrocytic and hyperchromic type in about 50 per cent.: 
microcytic in the other half. The total leucocyte count is not disturbed, 
though there is often lymphocytosis. An indirect van den Bergh reaction 
is usually present in the serum. There is no change in the corpuscular 
fragility ; the plasma albumin is diminished. 

The fiBoes are pale, foul, milky, soapy, sometimes steatorrhoeic. The 
urine is generally alkaline and may rapidly become ammoniacal. It 
may also contain tube-casts, traces of albumin and, usually, indican. 
Much attention has recently been drawn to the excretion of coproporphyrin 
(porphyrinuria) and speculations have been made regarding its significance. 
Some regard it as indicating faulty Uver metabolism ; others as the result of 
abnormal intestinal absorption. As stated by Beckh and Ellinger, it is 
specially found in secondary alcohoUc pella^a, but Spies, Cooper and 
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Blankenhom showed that the amount of ooproporph 3 rrin in the urine 
appears to be proportional to the nicotinio acid intake. 

S 3 miptoin 8 . — The cardinal signs of pellagra constitute the well-known 
diagnostic triad : “ diarrhoea, dermatitis and dementia.” The course is 
generally long and irregular, one of repeated exacerbations and periods of 
quiescence. The initial sjunptoms are composed of mingled psychical and 
digestive disturbances which may recur for years without the appearance of 
sldn eruptions. The patient is pale, has a peculiar lifeless staring look, with 
dilated pupils, and complains of headache, giddiness, and vague but often 
severe pains in the back and joints. The scleras are bluish and kaden 
coloured. The eyelids move sluggishly ; the complexion is muddy. The 
character changes, becoming irritable, amd at the same time stupid and 
morose. 

Observation-s on children in pellagrous families in the United States show 
that many have clinical signs of pellagra. They are below the normal 
weight and height for their years, they make slow progress at school, show 
lack of interest, inability to concentrate and have poor appetites. Their 
hearts are irritable and they may have tachycardia. 

The earliest signs of a pellagrous tendency are difficult to define, as there 
are probably a great many people who suffer from chronic ill-health and are 
really in the pre-pellagrous state. This tendency may manifest itself by a 
peculiar stomatitis with erosions at the angles of the mouth (angular 
stomatitis) (Plate IX). ‘ There may also be an atrophic condition of the lips 
(perUche) to which the Editor drew attention in Ceylon in 1912 in prisoners 
who had been fed on dried fish {see p. 589). The pellagn>us procross may 
not proceed beyond this stage. On the other hand, it may be progressive 
and advance to a fully developed syndrome. Then the gums may l)e 
WoUen and bleed easily, a condition which gave rise to the term ” Alpiiu‘ 
scurvy.” There may be eructations of gas, nausea, and vomiting. Tlu^ 
appetite is variable. The epigastric region and, sometimes, the lower 
abdomen are tense and painful. Constipation may bc^ present, but in rart» 
instances there is diarrhoea of pale fermenting stools resembling Ibose of sprue. 

The peBagfxms rash, — Most observers reg^ the skin lesions of pellagra as 
early manifestations, but they are symptomatic of the underlying con^ 
stiiutional disturbances. At firat an erythema, not unlike a severe sunburn, 
is observable on the parts of the body which are, as a rule, unclothed and 
exposed to the sun (Plates VUI, IX). The eruption is symmetrical and 
duuraeteristic. It appears suddenly, first on the back of the hands and feet, 
then on the forearms, legs, chest, neck, face, and, it may be, on the scrotum 
or on female genitalia, anus and other regions subject to mechanical 
irritation. Patches of erythema are irregukr in outline and intensity. 
Vepr characteristic is a symmetrical eruption behind the mastoid processes, 
a ring or collar round the neck (CasaPs necklace), an4 a butterfly patch over 
^ bridge of the nose resembling lupus erythematosus. The affected area 
is swollen and tense, and the seat of burning or itching sensations which 
be(H)inepaHiealarIy acute m exposure to the sun. The congestion disappears 
eomptetely, but temporarily, on pr^mre. Petechia are common on the 
affected parts; ble£« with dear, opaque, or blood-stained contents of 

* ehmt&Mr'Vbiiofi igriKinxii#, p, Uh 




Fig. 1. Charucteristic inflamed tongue of acute pellagra with 
angular stomatitis. 

Fig. 2. -Early pellagrous rash« with cellular infiltration and pig> 
mentation. 

Fig. 3. -Typical pellagrous rash over occiput and mastoid pro- 
cesses* with formation of “rosary*’ round neck. 
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Plate IX 
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feebly alkaline reaction may form. The eruption usually lasts about a 
fortnight, and is followed by hyperkeratosis and desquamation, which 
leaves the skin rough, thickened, and permanently stained a light sepia. 
This is especially marked on the Wk of the hands and on the elbows, thus 
constituting recognizable evidence of pellagpra. Hyperkeratosis may 
occur on the soles of the feet and as diffuse thickening over the knuckles. 
In severe cases the skin over a large area of the body comes to resemble that 
of a roasted turkey. Ichthyotic changes sometimes supervene and may be 
more intense in winter than in summer. It is on account of this roughness 
of the skin that the disease was originally called “ pellagra ” (an Italian 
word derived from pelle (skin) and agra (rough)). 

Stannus has suggested, as a result of the work of Lewis on the blood- 
vessels of the human skin and their responses, that the skin lesions in 
pellagra are due to the liberation of histamine and its action upon the 
bl(K)d-vessel8, and that tlie mechanism underlying the affections of the 
mucous membranes is of a similar nature. 

Exposure to light appears to be the precipitating factor. Ruffin and 
Smith showed that radiation may evoke not only skin lesions, but also 
asscK'iated oral, gastro-intestinal and neurological manifestations. Since 
injections of p(»rphyrin can sensitize normal persons to sunlight, it has been 
suggested that there may be abnormal porphyrin metabolism in pellagra. 

The burning sensation in the soles of the feet and palms of the hands which 
is such a common symptom in pellagra may be ascribed to the same cause. 

Naturally, the appearances of pedlagra differ considerably in different 
raises. Wliat is an erythema in the European becomes a blackish or 
purplish patch on the skin of a negro. In olive-skimied races pellagrous 
patches assume a sepia colour. 

Implication of tlie nenxnis system is indicated by tremor of the tongue, 
exaggerated deep reflexes, and mid-dorsal spinal tenderness. Coarse 
tremors of the extremities, especially of the head and the hands, are 
frt*quently noted and become more marked as the disease progresses. 
Muscular cramps may occur ; definite ankle clonus, spasticity and extensor- 
plantar response are often seen. The patient suffers from obstinate 
sleeplessness, occasionally from uncontrollable sleepiness. He experiences 
great weakness, especially in the lower extremities, and is subject to 
peculiar attacks of giddiness, with a tendency to fall forwards or backwards. 
Chvostek*8 sign — mechanical irritability of the facial nerves — is present in 
the majority of cases. A very characteristic symptom is pyrosis, or a burn- 
ing sensation down the (esophagus (d 3 r 8 phagia). This fz^uently creates 
the idea in the patient’s mind that his food does not agree with him, or 
even that attempts are being made to poison him. The pupils are dilated 
and there is usually photophobia. The arms may be spastic and movements 
are accompanied by a coarse tremor, which is increase on exertion. 

After the disappearance of the eruption, atrophic patches of skin remain 
in the interdigital clefts, and these, together with muscular wasting, give 
the appeahtnce of washerwomen’s fingers. The hands, in fact, are aged out of 
proportion to the rest of the body. The nails become atrophied and brittle. 

As a rule, there is no marked permanent elevation of temperature, but 
periods of slight fever occur at irr^lar intervals. 
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Progress. — Two or three months after onset the symptoms abate and, 
although the affected skin areas remain dark and rough, the disease appears 
to be arrested. Next spring, however, the whole senes of phenomena recurs 
in a more severe form. The eruption assumes a darker colour. The 
depression of spirits deepens into melancholia, which may have maniacal 
interludes, with a peculiar tendency to suicide, especially by drowning. 
The general feeling of weakness increases ; the patient loses weight and is 
unable to work ; his gait becomes uncertain and somewhat of the spastic 
paraplegic type. The tongue is tremulous. The pains in the head and back 
become very acute, and there may be lightning pains, cramps, twitchings, 
tremors, and even epileptiform seizures of the cortical type. Diarrhoea 
may now be troublesome. 

For several years the disease may thus recur in the spring with increasing 
severity. The patient becomes greatly emaciated , paralytic, and completely 
demented. Helpless, bedridden, suffering from incontinence of urine and 
uncontrollable diarrhoea, covered with bedsores, and neglected, he dies 
from exhaustion or from some intercurrent disease. 

The duration of pellagra is exceedingly variable. It may last only two 
or three years ; it usually extends to ten, fifteen, or more. 

Cases differ considerably. The obscure forms are probably much more 
common than the fully declared disease. They were formerly known — 
somewhat incongruously — as pellagra mte pellagra, 

Ariboflavinosis. — The rib<)flavin deficiency syndrome is now regarded 
as typical of ** pellagra sine pellagra." The following signs are character- 

istic of it : angular stomatitis* 
and facial Unions consisting of 
filifonn seborrhoLUC excrescencx^s 
{dyssebacia), varying in length up 
to 1 mm., sparsely scattered over 
the face. The mouths of the seba- 
ceous glands are phiggtHi with in- 
spissated sebum, giving the skin a 
roughened appearance, w^hich on 
the shoulder, arms and legs is known 
as fjfmfnodemta or toad's skin. The 
eyelids show dermatitis liwoiis, may 
W macerated and stuck together. 
Fissures and maceration at the 
angles of the mouth are seen, and a 
degenerative emst-like formatipp 
on the epithelium of the lips, most 
marked on the lower. Tne lips, 
particularly the lower, frequently 
show a marked increase in the ver- 

scribed : the tongue is clean, 

* ctirikNSii,*' «|>t)lksa br miiSm of memth, ■boo^ 

Cor kaom on the lifni. 



SL— Avitsfliiaeib 8$ in a West 
African ncf ra. QuineimMc fades of 
aHMbwinoda* {Dr. D. FkzgerM 
Moore.) 
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papillae flattened or mushroom-shaped and the colour definitely purplish 
red or magenta, in contrast to the scarlet tongue of nicotinic acid 
deficiency. (Plate XVIL) 

The ocular manifestations are burning, lachrymation, photophobia, 
blurred vision, inability to see in a dim light and visual fatigue. The 
earliest and most common sign is circuincomeal injection and, when viewed 
by a slit lamp, there is marked congestion and proliferation of the hmbic 
plexus, with the production of great numbers of narrow capillary loops. 
The lesion progresses to vascularization of the cornea within a week, if 
treatment with riboflavin is not given. Eventually keratitis is produced, 
similar to that associated with acne rosacea, which is also amenable to 
riboflavin therapy. It is probable that ariboflavinosis is also responsible 
for retrobulbar neuritis, which may also be part of the pellagra syndrome 
(see p. 408). 

Other less marked varieties (Formes frustes). — Corkhill and others 
have pointed out that there are quite a number of subclinical cases in 
which physical signs are less obvious, but symptoms appear only after 
undue fatigue. 

In some the nervous symptoms predominate, in others the gastro- 
intestinal ; in others again the cutaneous. Forms of hyperacsthesia may 
occur in different regions of the body, especially the feet (p. 427). Ocular 
symptoms, such as ptosis, diplopia, retrobulbar neuritis, amblyopia, 
mydriasis, are not uncommon. The Plummer- Vinson syndrome of glossitis 
and dysphagia, with angular stomatitis, koilonychia and aneemia, in aged 
women is possibly a pellagrous manifestation. 

Infantile pellagra. — Pellagra in cliildhood is very apt to be overlooked, 
especially in native races. The children become irritable, their skin and 
hair tend to lose the normal colour and glossiness, and there may be attacks 
of diarrhoea with transient oedema of the hands, feet, and face. After ten 
days or so pigmented patches appear on the skin of the extensor surfaces 
about the ankes, knees, wrists and elbows, and these blackened patches 
appear first where there is any focus of irritation or pressure. Trowell 
describtMl infantile pellagra in E. Africa as a syndrome of which the principal 
signs are (edema, (lerinatitis and diarrhoea ; similar cases from W. Africa 
were d(^scribed by Williams as “ kwashiorkor.” This is an acute form 
with nutritional redema and decreased sennn albumin. Infantile pellagra 
has also been reported in American negroes, from Mexico, Cuba, Costa 
Bica and 8. China. 

Pellagra t)rphU8. — In this very acute type there are intense prostration, 
high temperature, muttering delirium, pronounced nervous tremor, 
generalized rigidity, and convulsions. Li extensive outbreaks of pellagra, 
such as occurred among the Turks during the 1914-1918 war, cases of this 
description were comparatively common. 

TennvnaX stages, pellagrous insanity : — Mental symptoms supervene in 
one-third to one-quarter of all oases. 

It has been estimated that from 4 to 10 per cent, become permanently 
insane. In the United States of America pellagrins are becoming numerous 
in the lunatic asylums. The type of insanity is usually a most profound 
melancholia with a suicidal tendency ; cases may resemble in their clinical 
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features general paralysis of the insane. Epileptiform convulsions may 
occur. 

The time of the appearance of mental symptoms is subject to the widest 
variation. They may be primary symptoms, or occur during con valesc ence . 
The mental aberrations may be characterized by profound dementia, 
hallucinations, and katatonia. As a rule, restlessness, vertigo and in- 
somnia anticipate the characteristic melancholia. In general, the patients 
exhibit anxiety neurosis with depressive features. Pyschosensory dis- 
turbances are common, with intolerance of bright light, colours and noises. 
The patients are fidgety, quarrelsome and irritable. In spite of increased 
motor drive, they complain of weakness and fatigue. 

Not only may pellagra lead to insanity, but those insane from other 
causes are very liable to pellagrous manifestations. Goldberger found that 
in certain asylums in the United States the number of lunatics developing 
pellagra each year was a constant proportion of the total. In England, 
pellagra has b^n noted in lunatic asylums since 1913. Watson, in a review 
of the pellagra cases in the Bainbill Asylum, Lancashire, found that at the 
time of onset they had been resident from six months to several years. 

Secondary pellagra. — Pellagra due to voluntary restrictions of diet 
has been recognized by several observers during recent years. Mook and 
Weiss described the typical clinical picture of pellagra in a young woman on 
a slimming diet ; Mumford, Carley and others found it ifi matures women 
who, for some faddist cult, had l)een subsisting on an unbalanced dietary : 
Guthrie, Green, Walker and Wheeler reported similar phtuiomena in 
patients on a ketogenic r^me. 

Pellagra in all its varied manifestations may be associated with some 
organic lesion in the gastro-intestinal tract, such as oesophageal stricture, 
^cinoma of the stomach, pyloric ulc^er, pyloric stenosis, carcinoma of the 
ileum, stricture of the rectum, rectal polyposis, suppuratmg hydatid cyst, 
chronic amoebic dysentery, cceliac disease*, or idiopathic steatorrhoea ; 
the Editor recorded one case in association with spnie. When the avitamin- 
osis follows surgical operations, such as partial colectomy, on the gastro- 
intestinal tract or elsewhere, it is known as surgical pellagra. Alcoholic 
pellagra is applied by American observers to the disease in chronic alcoholics, 
especially those who drink methyl alcohol. It has been suggested by 
Stannus, by way of explanation, that gastritis is the one common factor 
which support^ the hypothesis that, primarily, in pellagra the fault may lie 
in the intrinsic factor of the gastric juice. 

Diagno6ls.-~I>bubtfulcasesare occasionally encountered, but localized 
erythema associated with nervous, particularly mental, symptoms, great 
debility, and seasonal recurrence, in a p(?r8on in or coming from a pellaj^ous 
district, hardly be confounded with any other disease. The rash 
may be mistaken for acrodynia, erythema multiforme, dermatitis venenata^ 
ec^ma solare, tr^e dermatitis, lupus erythematosus, syphilis, or 
poison-ivy dermatitis. “ Crazy pavement skin lesions, which are common 
on the legs of ill-conditioned natives, are not necessarily pellagrous. The 
gastro-intestmal disturbance and glossitis have to be distinguished from 
sprue ; while the nervous manifestations have to be differentiated from 
hysteria, cerebral syphilis, general paralysis of the insane, ergotism, and 
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lathyrism. In old people with arterio-sclerotic changes and accompanying 
mental symptoms, there may be lesions of hands and feet which may be a 
source of confusion. “ Pink disease ” in children may also be mistaken 
for pellagra, as the distribution of the skin lesions is very similar. 

Treatment. — After the end of the 1914-1918 war and the formulation of the 
biological protein theory, many workers, notably Goldberger and Wheeler, noted 
that improvement in the pellagrous lesions, and even in the nervous involvement, 
followed a liberal dietary rich in proteins and in vitamins. Then ensued a period 
in which liver and yeast extracts, notably marmite, were given an extensive trial, 
but it was generally conceded that, though the therapeutic secret was locked up 
in the vitamin-B complex, vitamin was not the main factor. 

In 1937 Elvehjem, Madden, Strong, and Wooley reported the cure of black - 
tongue in dogs by the administration of nicotinamide prepared from yeast. 
Shortly afterwards Spies, Cooper, and Blankenhorn recorded the successful treat- 
ment of human |iellagra cases. These patients were in hospital and received a con- 
trolled basal diet, upon which alone symptoms had shown no improvement. 
Relatively large doses of nicotinic acid were given — 40-80 mgm. by injection, or 
2(X)-1,5(K) mgm. by the mouth within a period of twenty-four hours. Almost 
simultaneously, Fonts, Helmer, Lepkovsky, and tlukes reported the cure of four 
ceases of “ alcoholic ])ellagra ” treats on the same lines, there being improvement 
in the mental condition, stomatitis, and the intestinal disorders, as well as 
cure of the dermatitis. Spies, Bean, and Stone (1938) then published a series of 
73 cases of endemic pelhigra and 99 of “ subelitiical pellagra ", and stated that 
they had not observed a single acute case that had not responded promptly to 
nicotinic -acid therapy. Also, in a special study by Spies, Aring, Gelperin, and 
Stone of OO casirs showing acute mental disorder, improvement was observed 
w ithin periods of ten hours to six days after nicotinic acid medication, the daily 
dosage being 600-1, (XK) mgm. by mouth, or 100 mgm. intravenously. Further 
confirmation soon came from Matthew's, w’ho studitrd 13 cases of classical endemic 
pcdlagra maintaincKl on a pellagra dietary. Tlu^ favourable results in American 
f)ellagra have received a considerable degree of confirmation in the hands of 
Alport, (vhaligoungui, and Hanna in Egypt, and also of Ellinger, Hassan, and 
Taha (1937). They treated 16 cases with nicotinamide (Merck), the dose being 
1 grm. daily by the mouth or 0*6 grin, by subcutaneous injection. On the 
whole, they found that acute inflammation of the tongue and ulceration of 
the mouth subsided in five to seven days, and the sense of taste returned in 
the same time ; in one case colic supervened almost immediately, suggesting 
intolerance. Thus nicotinamide effect^ great improvement in the acute mucous 
membrane lesions, as well as in the skin condition ; on the other hand, chronic 
skin lesions, friction areas and chronic changes in the tongue were only slightly 
affected. I'he appetite, mental condition and general physic.al health were all 
improved. Grant and Spies recorded that ptyalism, Vincent's infection and 
coproporphyrinuria disappeared, and Hawksley found great change in the 
follicular hyperkeratosis on and around the nasodabial folds. 

Since the discovery of ariboflavinoais as part of the pellagra s^drome 
rnoat authorities n>inforce treatment with riboflavin tablets in doses 
of 1-8 mgm. daily. During the recent outbreak of pellagra in Hong 
Kong Wilkinson found the effects of intravenous nicotinamide injections 
almost dramatic. Patients who were disorientated, rambling in speech 
and unable to co-operate or swallow, became hungry and rational within 
72 hours, (In acute pellagra the blood nicotinic acid was found to be 0*81 
mgm, per cent, and to rise on treatment to 0*55 mgm . per cent.). In cases 
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with rapidly increasing reduction of visual acuity, associated with con- 
centric constriction of fields of \u8ion, response to nicotinic acid and 
riboflavin daily changed the vision from 6/60 to 6/9 or 6/6 within a week. 

The evidence that nicotinic acid is a specific cure for pellagra and for the 
somewhat similar nutritional diseases produced by maize diets in dogs and pigs 
(Chick, Macrae, and Martin) thus appears to be conclusive, and it is now reason- 
able to ascribe the curative value of liver extracts and yeast, formerly observed 
in pellagra, to their nicotinic acid content. Ruffin and Smith (1937) found 
that, whereas crude liver products were effective in relatively small doses in 
canine blacktongue and in pellagra, larger amounts of more purified extracts 
were ineffective. These observations, which suggest that a combination of 
two substances is needed to correct deficiencies in diets which induce black - 
tongue and pellagra, are difficult to reconcile with the curative effect of such 
simple substances as nicotinic acid and nicotinamide. 

The reaction to nicotinic acid in normal individuals is tingling and 
increased warmth over the malar regions and neck. Sometimes nausea, 
vomiting, abdominal cramps and urticaria may ensue. Nicotinic acid 
and nicotinamide are now dispensed in a convenient form in tablets of 80 
to 50 mgm. each. In mild cast^ 50 mgm. is given thnH> times daily (150 
mgm.) for ten to fourteen days, and double that quantity (800 mgm.) in 
more severe cases. The effwt of this treatment upon the p<*llagrou8 rash 
is impressive. Overdosage causes some tingling and numbness of the 
tongue, and also in the lower jaw along the course of the inf(*rior dental 
nerve. This treatment should, of course, bo backed up by a lit)eral protein 
dietary. Riboflavin in maximal df)8^ (8 mgm.) should be added in cases 
exhibiting signs of ariboflavinosis. The most striking and most easily 
observable effect of this mode of treatment is seen in the amelioration of 
the tongue and month symptoms. It has a profouml effect upon tin* 
psychology of the patient as well as on the proc4^t*s of digestion and 
assimilation. 

The treaimeni of nientai symptoms. — Spi^^, Aring, (ielpt^rin and Bean 
submitted 60 cases with mental manifestations to treatment with nicotinic 
acid, in maximum doses, and coramine (the diethylamide of nicotinic acid). 
These cases showed loss of memory, delirium, mania, or depn^ssion ; some 
had a paranoid reaction. Recovery kwk place in all within six days. 
KorsakofiTs psychosis and manic depn^ions were not influenced in the 
same way. Coramine is injected in d<^es of 2'-5 c.c. daily by the mouth to 
a total of 20-50 c.c. 

Treatment leilh allied preparations. — C?ertain of the pyridine carboxylic 
acids exhibit anti-pellagrous properties. Bills, McDonald and Spies found 
that pyrazine 2-8 dicarlxixyhc and pyrazine monocarboxylic acid act like 
nicotinic acid, curing glossitis and dermatitis. Vilter and Spies claimed that 
quinolinic acid (2-8^icarboxylic acid of pyridine) has a therapeutic action 
on the tongue and mouth symptoms. 

Prophylaxis. — In view of the volume and importance of recent re- 
searches in this field, it is evident that the prophylaxis of pelIl^pra is bound 
up in public-health measures and especially in ensuring a well-balanced 
protein diet^. Whether pellagra can be prevented by the prophylactic 
administration of nicotinic acid and riboflavin remains to be seen. 



CHAPTER XXVI 


SCURVY IN THE TROPICS 

IjPIDEmics of scurvy are apt to occur among gangs of coolies and labourers 
who are fed on an unsuitable dietary, especially in natives recruited for 
labour purposes and fed upon dried cereals and preserved foods, who 
previously had been in the habit, in their o^m villages, of subsisting on large 
quantities of fresh vegetables and fruit such as bananas. 

Etiology. — Scurvy is a food-deficiency disease. It is produced, not by 
general starvation, but by the absence of an accessory food factor, or vitamin, 
which can now be prepared synthetically and is known as ascorbic acid. This 
body (p. 407) is present in all fresh vegetables, including swedes, turnips, and 
onions, and in fresh fruit, especially the orange and lemon. It is very sensitive 
to prolonged heat and drjnng, and therefore is absent from tinned fruits and 
vegetables, and from dried legumes such as peas and beans, but re-appears 
directly the latter are induced to germinate. Yeast, fresh meat, and milk contain 
only small quantities of the antiscorbutic vitamin, and, curious to relate, according 
to (^hick and Hume, preserved lime juice little or none at all, while preserved 
lemon-juice is rich in this substance. 

History. — Scurvy was found to be prevented by diet by Kramer (1720) ; 
Lind's “ Treatise on Scurvy was published in 1857 ; infantile scurvy was recog- 
nized as a dietetic disease by Barlow (1883). Laboratory experiments by Holst, 
Frdlich, Zilva, Mellanbv and others (1^7- 1929) led to the discovery of vitamin C. 
The identity of vitamin (' and hexuronic acid (ascorbic acid), suggested by 
Tillmans and Hirsch (1928) was proved by Szent-Gyorgyi (1928). The con- 
stitution was established by Haworth, Hirst and Reichstein (1933), and synthesis 
effected by Haworth and Reichstein in 1934. 

Symptoms.— The onset of scurvy is insidious, with loss of weight, progressive 
weakness and pallor, and a feeling of stiffness in the leg muscles. The gums soon 
l>ecome affect^ with a swelling and sponginess of the alveolar margin. As the 
disease progrcssc^s, fungating masses project beyond the teeth, which 
loosen and fall out. The tongue swells, the salivary and lymphatic glands 
enlarge, and the breath becomes very foul. The skin becomes dry and 
rough, and very soon subcutaneous petechisB form on the limbs and trunk, com- 
mencing around the hair follicles, especially on the thigh (Fig. 64). Hemorrhages 
occur into the muscles of the thigh and into the knee-joint. Very painful 
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efFusions under the perioeteuin form irregular nodes, which may break down and 
ulcerate. (Edema of the ankles is common, and hfiemoptyais or haematemesis 
may occur. Any injury is apt to cause a hwmorrhage. 

Together with these objective symptoms the patient experiences cardiac 
distress, with irregularitj' of the pulse and haemic bruits at the apex. The urine 
is generally loaded with albumin. On the other hand, the digestive system is not 
disturbed, constipation being more common than diarrhcea. The psychical 
disturbances are pronounced. Headache is noted early, and delirium supervenes 
in the later stages. In the most advanced cases the jau -bones generally become 
necrotic. 

In the young the formation of a “ scurvy rosary at the junction of the costal 
cartilages, and separation of the epiphyses of the long bones, may occur in a 
variety known as infantile scurvy, or Barlow’s disease. 

Scurvy was formerly noted as endemic in the mine- workers on the Rand. 
Darling and others observed that a certain proportion of these cases was distinct 
in a clinical sense from those 8c*en elsewhere. In this variety, known as Rand 
scurry, the spongy gums and loose teeth that occur in the classical t^^pe of the 
disease were absent, while the heart underwent primary hypertrophy, with subse- 
quent dilatation, suggestive of beriberi, though the neuritic symptoms of l)eriberi 
were absent, and the knee-jerks exaggerated. Rand scurvy occurred especially 
among gangs of native labourers when fed upon an unsuitable dietary, particu- 
larly natives from the Congo and tropical Africa, who were in the habit of consum- 
ing large quantities of fresh vegetables and fruits, and w'ho, when in the mines, 
were M on dried cereals and preserved foods. The number of these cases was 
very large indeed . Donaldson reported that in 1 920 more t han 200 cases of scurvy 
were treated in one hospital, of which one-third occurred w ithin tl^ree months of 
entering the mines. It was found that scurvy in these* natives predis{K)sed to all 
kinds of bacterial infections, and especially to pneumonia. Where the diet was 
deficient but not entirely lacking in vitamin C, actual symptoms of scurvy did not 
manifest themselves, hut such individuals were very liable to bacterial infections 
owing to degenerative changes in the bone-marrow. 

Diagnosis. —To diagnose scurvy under modem conditions is no difficult 
matter ; but care must be taken to distinguish mild cases from pyorrhoea 
alveolaris. A method of diagnosis in the early stages, especially in children, 
was devised by Hess. The arm-band of a sphygmomanometer is placed upon 
the arm and inflated untd the pressure reaches 90 mm., and the venous circulation 
is shut offi. This pressure should be maintained for three minutes and then 
released. As soon as the cyanosis fades, an examination should be made for 
the petechial spots which may confirm the diagnosis of scurvy. This test 
depends on increased fragility of the capillary endothelium. Rotter introduced 
an intradermal Ust writh dic^rphenol-indophenol. (For the technique of this 
test, as well as of the demonstration of vitamin C in the urine, see p. 410.) 

Bifierential diagnosis has to be made from blood diseases such as leukemia, 
and essentia] thrombocytopenia (onyalai, see p. 673). 

Treatment,— This is chiefly dietetic. The disease, if recognised early, readily 
yields to a diet composed of fresh fruit and vegetables ; wlmn these are unpro* 
curable, fresh meat can be substituted, but is by no means so satisfact^. 

Raw onions are very valuable antiscorbutica, and raw potatoes and aweekM 
have a definite curative value. Cianned vegetables, except canned tomatoes, 
are useless. 

For natives, the most valuable antiscorbutic foods are onlnge, lemon, and paw^ 
paw juice, sweet potatoes, and green mealies. Incompletely fermented beer, 
such as the Kafifr beer, made from germinating grain, is said to be of oonsidemble 
value, but ibis is doubtful. 
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Vaughan, Hunter and others reported brilliant succjesses in the treatment of 
scurvy with synthetic ascorbic acid. Many cases were reported by Schultzer, 
Parsons, Harris, Ray, and 8zent-Gy6rgyi ; 40-100 mgm. of ascorbic acid are 
given intravenously to an adult for ten days with success ; to infants 30-60 
mgm. daily by the mouth for about fourteen days. 

Germinating peas are useful when fresh vegetables are unobtainable. The 
following method of using peas and other puls^ is recommended by Chick and 
Hume : 

SuaoKSTKD Mkthops of preparing Pea.s, Lentils, or other Pulses for the 
Prevention of Scurvy, in the Absence of Fresh Vegetables 

1 . The dry seeds must be whole, retaining the original seed-coat, and not milled 
or decorticated. 

2. They must be soaked in water for several hours ; the time necessary depends 
on the tempc»rature-~24 hours at 60"' to F., and 12 hours or less at F. 

3. The water must then be drained away, and the peas all ..wed to remain 
moist u ith a ct'ss of air. They will then germinate and the small rootlet grow 
out. This germination will take 48 hours at 60'' to (UP F., and 12 to 24 hours 
at 80'' F. 

Soaking, — The peas or other pulses, placed in a cican sack, should be steeped 
in a trough, barrel, or other suitable vessel, full of clean water, and should be 
occasionally stimnl. The sack and trough should be large enough to allow for the 
swelling of the peas to alwut three times their original size. In a hot climate 
6 to 12 hours should suffice for this soaking. 

Germiiio/ion.— The j^eas should be lifted out of the water and spread out to a 
depth not exceMing 2 to 3 inches in a trough or other vessel with sides and bottom 
porous or well perforated with holes ; this is to allow complete access of air. 
The. seeds must be kepi in a moist atmosphere, by covering with damp cloth or 
sacking, which is sprinkled (by hand or automatically) as often as is required to 
keep the peas thoroughly moist underneath. Alt the vessels should be clean, 

4. It is important that the germineded pulses should be cooked and eaten as soon 
as possible after germination, and should not be aUomd to become dry again ; in 
that case the antiscorbutic proj)erties acquired duriqg the process of germination 
will again be destroyed. The pulses should not be cooked longer than necessary 

Prophylaxis.— The prevention of scurvy consists in providing a diet adequate 
in vitamin C. It should be the duty of health authorities and medical officers of 
industrial undertakings to insist that native labourers are adequately fed. The 
old and evil idea that African natives can subsist on maize meal, salt and dried 
beans should l>e most vigorously suppressed. It has been pointed out that one 
factor in the production of scurvy in native African races is the prolonged over- 
cooking^ and steaming of food, especially of vegetables. It is, therefore, im- 
portant that in gangs of unmarried natives efficient cooks should be appointed. 
As a general rule, the food cookt^d by native women is much more hygienic and 
palatable than that prepared by men. 

Wherever possible, in mines or tropical camps, native gardens should be 
established. Men thrt^atened with scurvy should be given light work only. 

* WlMui oabbtMiiv it c<iokiMi for on** lunir at temi>eraturea miiirinK 80~1(H)" i\ the leavet lote 90 per 
oeni of their tatiaoorbuttr value. 
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CHOLERA 


Etiology. Disccmery of the conmia hadUm^ or vibrio * — The cholera 
vibrio was first discovered by Koch in Egypt in 1888 ; this discovery he 
confirmed in Calcutta in 1884 by finding it in every case of the disease 
examined. His observations have since been abundantly confirmed. 

Description of the cholera vibrio , — The comma bacillas (Pig. 65) is a very 
minute organism, 1*5 to 2 p in length by 0*5 to 0*6 p, in diameter — about half 
the length and twice the thickness of the tubercle bacillus. It is generally 
slightly curved like a comma; hence its name. After appropriate staining, 
fia^Ua can be distinguished at each end or at one end only — sometimes one, 
sometimes (though less frequently) two. These fiagella, though of considerable 
length — from one to five times that of the body of the bacillus — are difficult to 
see in ordinary preparations owing to their extreme tenuity. They are not alwa 3 r 8 
present during the entire life of the parasite. They impa^ very active spirillum • 



Fig. 45.~-€bsiera vibrio. Agar cuff arc : 24 hoan’ 
growttl. X 1,000. {Muir and Hiiehie.) 

like movements. The individual bacilli, when stained, show darker parts at the 
ends or at the centre. Sometimes in cultures two or more bacilli are united, 
in which case an S-shaped body is the result ; or several bacilli may be thus 
united, producing a spirillar appearance. 

The comma bacillas is easily stained by watery solutions of fuchstn, or by 
Ldffler's method, dried cover-^bis films being used. It Is decolorised by Gram. 

The bacillus grows best in alkaline media at a temperature of from 80^ to 
40*^ C. Growth is arrested below 15^ or above 42*^ C. ; a temperature over 
50^ C. killi the vibrio. Meat bfx>th, bloodnierum, nutrient gelatin, and potato 
are all suitable c^ture media. It multijdies rapidly without curdling in milk ; 
it dies rapidly in distilled water ; it survives longer if salt be added to tke water — 
for instance, 285 days in sea- water. 

In gelatin plates it grows readily as minute white cokmiei, irregular In shape, 
and granular, with surrounding liqaefaetton, into which the colonies of vibrios 
sink ss into funnel-shaped ^preadons. In gelabhi stab-cultuies the growth at 
first is most active near the surface ; later, ss growth proceeds akmg the needle 
track, a finger-shaped liquefaction results, which in time extends to tho Mdes of 
Mie tube. In <fider cultures involution forms are common ; they may die out 
after five or tix weeks. 
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Agar is not liquefied, and in it cultures retain their vitality longer. On 
potato, at 20^ to 30^ C., the culture appears as a thin, brownish, porcelain* 
like film. In broth some of the bacilli form a scum on the surface ; others, 
falling in masses to the bottom, leave the body of the liquid clear. As a rule, 
the cholera vibrio does not produce hssmolysis, if blood be added to the medium 
such as agar, after twenty-four hours’ incubation. The test is best performed 
in a fluid medium by adding varying amounts, from 1 c.c. downwards, of a 
three days’ culture in alkaline broth to 1 c.c. of a 5 per cent, suspension of 
goat’s corpuscles, and then thoroughly mixing. After incubation for two hours 
the tubes are placed in the ice-chest overnight and read the next day. With the 
solutions of sugars (1 per cent.) usually employed, the vibrio produces acid, 
without gas- formation, in glucose, mannite^ saccharose, and maltose. Fermen- 
tation of lactose, with acid production, occurs two or three d^ys later. The 
cholera-red reaction is obtained by the addition of pure sulphuric acid to a 
culture in 1 per cent, peptone solution. 

The true cholera vibrio belongs to Heiberg’s Type I, and ferments mannose 
and saccharose, but not arabinose. It gives positive cholera red and negative 
Voges-Proskauer reactions ; but does not produce early haemolysis of er\i:hro- 
cyteB. These characters alone, however, are not enough for more than pre- 
sumptive identification, since some non -pathogenic vibrios have most of them. 
The true cholera vibrio is agglutinated by serum prepared against the Q variants 
of Ogawa and Inaba strains, and this is the principal means of differentiation 
(Gardner and Venkatraman). 

Until recently a considerable amount of hesitation was felt by many 
authorities in accepting the cholera vibrio as the true germ-cause of cholera. 

Certain organisms, known as the paracholera, or inagglu tillable vibrios (Finkler- 
Prior and El-Tor), resemble the cholera vibrio minutely. Organisms found 
in fowl cholera, in decomposed cheese, and in river water also resemble it very 
closely but, as they behave somewhat differently in the serological sense, they 
must be considered biologically distinct. Cultures of cholera vibrios have been 
swallowed many times by way of experiment, and, although in some instances 
diarrhoea has resulted, in only one case has true cholera been produced. Probably 
for the production of cholera several conditions are necessary, of which the 
comma bacillus is only one. The difficulty of producing true cholera in lower 
animals by the administration of cholera cultures has exercised the minds of 
many, especially in the days following Koch’s discovery, but more recently 
cholera-like symptoms have been product in ground-squirrels by administering 
cultures of the organisms in alkaline media. 

The exact significance of the non -agglutinating vibrios still remains a matter of 
debate. Doorenbos brought forward evidence that the El -Tor vibrio and 
other vibrios which behave somewhat differently are, in fact, the true cholera 
vibrio contaminated with bacteriophage. Formerly the association of epidemic 
cholera with a hemolytic El-Tor vibrio was not considered possible, but de Moor 
and others in 1938 found that the epidemic in Celebes was caused by a typical 
El -Tor vibrio as shown by its cultural and serological characters. This vibrio 
belongs to Gardner and Venkatraman’s subgroup 0, Heiberg’s type I, and is 
h»mol 3 rtic to goat cells. The epidemic caused by it came to an end in six months 
and did not occur again. This vibrio gave positive Voges-Proskauer and cholera 
red reactions and the agglutinability was not affect^ by heat as in the true 
cholera vibrio. Taylor regarded this form as practically non-existent in India in 
man, but as representative of certain water vibrios in Bengal. The general con- 
clusion is that the two yibrios, though identical in antigenic structure, do represent 
different species and that the El-Tor vibrio occupies an intermediate position 
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CHOLERA 


Synonym. Cholera Asiatica. 

Definition. — Cholera (XoXijpota = flow of bile) is an acute, infectious, 
epidemic disease, characterized by profuse purging and vomiting of a 
colourless watery material, by muscular cramps, suppression .of urine, 
algidity and collapse, the presence of the cholera vibrio in the intestines, and 
by a high mortality. 

History and geographical distribution.— It is probable that from remotest 
antiquity cholera has been endemic in Lower Bengal and in Central China, and 
has from time to time spread as an epidemic over India. In 1817 it began to 
extend all over Asia, eastwards as far as Peking and Japan, southwards to 
Mauritius, and westwards to Syria and the eastern shores of the Caspian. Stop- 
ping short at Astrakhan in 1825, it did not on that occasion invade Europe. 
Since 1830, when cholera first visited Europe, there have been at least five 
epidemics— 1848-51 , 1861-55, 1865-74, 1884-86, and 1892-96. Minor epidemics 
have occurred in Europe since, but have been restricted. During the Balkan 
War of 1913, and in the course of the 1914-18 war, especially in the Balkans 
and in Iraq, there were many outbreaks of cholera, but the disease did not 
extend as an epidemic beyond the actual seat of war. 

The 1870-73 epidemic practically spared Great Britain, but it crossed the 
Atlantic and, entering by way of Jamaica and New Orleans, raged for a time in the 
United States. 

From a study of the march of these epidemics it is to be concluded that cholera 
reaches Europe by three distinct routes — ( I ) via Afghanistan, Persia, the Caspian 
Sea, and the Volga valley ; (2) via the Persian Gulf, Syria, Asia Minor, Turkey in 
Europe, and the Meditertanean ; (3) via the Sea, Egypt, and the 

Mediterranean. 

Epidemiology and endemiology . — Cholera follows the great routes of 
human intercourse, and is conveyed chiefly by man— probably in its princi- 
pal extensions by man alone — from place to place. In India, during religious 
gatherings, hundreds of thousands of human beings are c^)llected together 
under highly insanitary conditions, as at the Hurdwar and Mctcca pil- 
grimages. Cholera breaks out among the devotees, who, when they 
separate, carry the disease along with them as they proceed towards their 
homes, infecting the people of places they pass through. The Hedjaz has, 
for the last 100 years, been the point of relay of cholera in its progress 
from the Far East towards the West, During that period there have been 
more than 27 outbreaks. In India cholera appears to spread from its home 
in Lower Bengal over the northern and western, central, and soutbem 
provinces in a series of waves of two to four years* duration. Cholera never 
travels faster than a man can travel ; but in modem times, owing to the 
increased speed of locomotion and the increased amount of travel, epidemics 
advance more rapidly and pursue a more erratic course than they did ei^ty 
years ago. On the other nand, isolated countries, such as the Andaman 
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Islands, Australia, New Zealand, the Pacific islands, the Cape Province, and 
the West Coast of Africa, have so far escaped. An epidemic of considerable 
virulence occurred in Celebes (Dutch East Indies) in 1988 and exhibited 
several peculiar features. 

Truly endemic cholera centres are found in Lower Bengal and in the 
Yangtse Valley, China. According to Taylor, the recognition of an endemic 
area is : — 

(a) one in which the total number of months with absence of cholera 
deaths does not exceed 80 in 82 years ; 

(b) one in which a break of five or more months in cholera incidence does 
not take place. 

There are two types of outbreak of cholera, according to whether the general 
water-supply is contaminated or contamination is localized to certain wells, 
cisterns, etc. In the former instance the outbreak is explosive and cases occur 
simultaneously in all parts of the city and disappear again with almost equal 
suddenness. In the Hamburg epidemic of 1892, during a period of only two 
months, cholera attacked 17,000 persons, causing 8,605 deaths in a population of 
fK)0,000. The w'ater-supply of Hamburg was taken directly from the river, while 
the adjoining city, Altona (population 140,000) filtered its water firom the river 
by a slow sand process, .^though Altona lies further down the river and is 
contaminated with the sewage of Hamburg, yet the deaths in Altona were only 
2*1 per inille as against 13*4 per mille for Hamburg. To illustrate the second 
type of transmission, there is the well-knowm incident of the Broad Street pump 
in 1854. This was the first definite proof of the association of cholera with water. 
It was noted that cholera was ten times more prevalent in Golden Square than in 
other parts of London, and increascKl in the neighbourhood of the Broad Street 
well. The employees of a factory where the well water was used had a large 
numl>er of cases, while an adjoining brewery w hich had a well of its own did not 
fiiniish a single case. 

Rogers believinl that the condition necessary for the spread of cholera 
in India is an absolute humidity of over 0-400, and that by w^atching the 
climatic conditions which influence the seasonal and annual incidence of 
cholera, increased or epidemic prevalence should usually be foreseen in 
time for steps to In? taken to lessen its spread. 

The forecasting of cholera epidemics has therefore become an actual 
|)oa8ibility. BastHl ujx>n statistics which have betm subjected to modem 
scientific analysis, an outbreak can be predicted two to three months 
ahead. All the (xi-efficients of correlation bt^ween the measure of cholera 
incidence and other variabh^ to the highest order have been taken into 
consideration. The association of high relative huniMity with high 
temperature, acc4)mpanied by intermittent rains, forms the most favourable 
atmosphere for the development of the disease, and the presence of en- 
demic centres, from which epidemics may at any time spring, must also be 
accepted, Indian observers have recently found, on analysis according 
to the jperiodograni method, that in South India cholera occurs in a 
pcmodicity of six years. 

D’Hereue made the interesting suggestion that the rise and fall of 
epidemics of cholera may be due to the amount of bacteriophage produced, 
l^atieiits in whose stools no bacteriophage appears die of cholera. Those 
cases in whom bacteriophage is strong from the outset, rapidly recover. 

30 
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iEtiology. Discovery of the comnia hacUlus, or tnbrio , — The cholera 
vibrio was first discovered by Koch in Egypt in 1888 ; this discovery he 
confirmed in Calcutta in 1884 by finding it in every case of the disease 
examined. His observations have since been abundantly confirmed. 

Description of the cholera vibrio , — ^The comma bacillus (Fig. 65) is a very 
minute organism, 1*5 to 2 in length by 0*5 to 0*6 (i in diameter — about half 
the length and twice the thickness of the tubercle bacillus. It is generally 
slightly curved like a comma; hence its name. After appropriate staining, 
flagella can be distinguished at each end or at one end only — sometimes one, 
sometimes (though less frequently) two. These flagella, though of considerable 
length — from one to five times that of the body of the bacillus — are difficult to 
see in ordinary preparations owing to their extreme tenuity. They are not always 
present during the entire life of the parasite. They impi^ very active spirillum - 



Fig. 4L~<CIiolera vibrio. Agtr culture : 24 boure* 
growth. X 1,000. {Muir and Riirhif,) 

like movements. The individual bacilli, when stained, show darker parts at the 
ends or at the centre. Sometimes in cultures two or more bacilli are united, 
in wbicb case an S-sbaped body is the result ; or several bacilli may be thus 
united, producing a spirillar appearance. 

The comma badllus is easOy stained by watery solutions of fuchsin, or by 
L5filer*s method, dried covmr-glass films bring used. It is decolorised by Oram. 

The bacillus grows best in alkaline media at a temperature of fiom 30^ to 
4(f C. Growth is arrested below 15° or above 42^ 0. ; a temperature over 
0. kills tbe vibrio. Meat broth, blood*serpm, nutrient gelatin, and potato 
are aQ suitable future media. It multi|flies rapidly without ourdthig in milk ; 
it dies rapidly in disttlled water ; itsurviveslonger if salt be added to the water— 
for instance, 285 days in sea>water. 

In gelatin plates it grows readily as minute white colonies, irregular in shape, 
and granular, with surrounding Hquefsetion, into which the cokmies of vibrios 
sink as into funnel-shaped depresrions. In gelatin stab-cultures the growth at 
first is most active near the surface ; later, as growth proceeds along the needle 
track, a finger-shaped Uqueiacrion results, which In time extends to the sides of 
Mie tube. In rider cultures involution fcwms are oomtnon ; th^ may die out 
aHer five or six weeks. 
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Agar is not liquefied, and in it cultures retain their vitality longer. On 
potato, at 20° to 30° C., the culture appears as a thin, brownish, porcelain- 
like film. In broth some of the bacilli form a scum on the surface ; others, 
falling in masses to the bottom, leave the body of the liquid clear. As a rule, 
the cholera vibrio does not produce haemolysis, if blood be added to the medium 
such as agar, after twenty -four hours* incubation. The test is best performed 
in a fluid medium by adding varying amounts, from 1 c.c. downwards, of a 
three days* culture in alkaline broth to 1 c.c. of a 5 per cent, suspension of 
goat*s corpuscles, and then thoroughly mixing. After incubation for two hours 
the tubes are placed in the ice-chest overnight and read the next day. With the 
solutions of sugars (1 per cent.) usually employed, the vibrio produces acid, 
without gas-formation, in glucose, mannite^ saccharose, and maltose. Fermen- 
tation of lactose, with acid production, occurs two or three days later. The 
cholera-red reaction is obtained by the addition of pure sulphuric acid to a 
culture in 1 per cent, peptone solution. 

The true cholera vibrio belongs to Heiberg’s Type I, and ferments mannose 
and saccharose, but not arabinose. It gives positive cholera red and negative 
Voges-Proskauer reactions ; but does not produce early haemolysis of ervdhro- 
cytes. These characters alone, however, are not enough for more than pre- 
sumptive identification, since some non-pathogenic vibrios have most of them. 
The true cholera vibrio is agglutinated by serum prepared against the 0 variants 
of Ogawa and Inaba strains, and this is the principal means of differentiation 
(Garner and Venkatraman). 

Until recently a considerable amount of hesitation was felt by many 
authorities in accepting the cholera vibrio as the true germ-cause of cholera. 

Certain organisms, known as the paraeholera, or inagglu Unable vibrios (Finkler- 
Prior and El-Tor), resemble the cholera vibrio minutely. Organisms found 
in fowl cholera, in decomposed cheese, and in river water also resemble it very 
closely but, as they behave somewhat differently in the serological sense, they 
must be considered biologically distinct. Cultures of cholera vibrios have been 
swallowed many times by way of experiment, and, although in some instances 
diarrhcea has resulted, in only one case has true cholera l)een produced. Probably 
for the production of cholera several conditions are necessary, of which the 
comma bacillus is only one. The difficulty of producing true cholera in lower 
animals by the administration of cholera cultures has exercised the minds of 
many, especially in the days following Koch’s discovery, but more recently 
cholera-like symptoms have been produced in ground-squirrels by administering 
cultures of the organisms in alkaline media. 

The exact significance of the non -agglutinating vibrios still remains a matter of 
debate. Doorenbos brought forward evidence that the El-Tor vibrio and 
other vibrios which behave somewhat differently eure, in fact, the true cholera 
vibrio contaminated with bacteriophage. Formerly the association of epidemic 
cholera with a hiemolytic El-Tor vibrio was not considered possible, but de Moor 
and others in 1938 found that the epidemic in Celebes was caused by a tjrpioal 
El -Tor vibrio as shown by its cultural and serological characters. This vibrio 
belongs to Gardner and Venkatraman’s subgroup 0, Heiberg’s type I, and is 
hflemolytic to goat cells. The epidemic caused by it came to an end in six months 
and did no't occur again. This vibrio gave positive Voges-Proskauer and cholera 
red reactions and the agglutinability was not affect^ by heat as in the true 
cholera vibrio. Taylor regarded this" form as practically non-existent in India in 
man, but as representative of certain water vibrios in ^ngal. The general con- 
clusion is that the two vibrios, though identical in antigenic structure, do ref^c^t 
different species and that the El-Tor vibrio occupies an intermediate position 
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between the cholera and non>agglutinable vibrios. The virulence of the cholera 
vibrio can be exalted by passage through guinea-pigs and successive culturing of 
the peritoneal exudate of intraperitoneally inject^ animals alternating with 
culture media growth inoculations. Such a fixed virus, the virulence of which 
cannot be exalted, formed the material used by HafTkine for cholera vaccine. 

Gardner and Venkatraman (1935>made a thorough examination of the whole 
cholera-group question. They found that heat-stable antigens are divisible 
into : (a) a considerable number of specific antigens which are best demonstrated 
by O group sera and H-0 suspensions, which serve as a basis of classification 
into O subgroups, and (6) a non-specific component which is demonstrable with 
O sera and O suspensions. 

Taylor conduct^ an investigation .on the serology of vibrios in which a standard 
O antigen was used. This is prepoied in a diy form and testing sera were pre- 
pared ^m this dried antigen. Two main subtypes of F. choUra? were used which 
contained the common O and in addition its own specific antigen. The result 
indicated that vibrios isolated from true cholera oases, but which do not conlorm 
to the serological O group I, are mere acx^mpaniments of the true cholera vibrio 
and are intestinal inhabitants as much of the non-cholera as of the cholera- 
stricken population. 

Toxins , — Filtered cultures of the cholera vibrio have little toxic action, 
the virus being apparently liberated by disintegration of individual 
organisms, flead cultures,, given by the mouth, produce no effect, unless 
the intestinal epithelium is injured. The toxins are mostly destroyed at 
60® C. ; when ground up and frozen by liquid air, an extract of high 
toxicity to laboratory animals, especially when injtx*t4Hi intravenously, is 
obtained. The organism multiplies in the small intestine, and lilieratt^s 
an endotoxin which is responsible for dtfsquamation of the epithelium and 
other manifestations of the disease. 

Phan was able to produce the clinical phenomena of cholera in guinea-pigs 
by injecting cholera endotoxin in doses of 0‘05--0’ 1 c.c. in the neighbourhood of 
the sjfianc^c nerves. Similar results were obtained in rabbits by injecting 
doses of 0*2 c.c. 

Methods oj infection , — Infected material is conveyed from sick to healthy 
persons, either by water, food, or infected linen; Milk, raw fruit, vegetables 
and other uncooked foods are all able to serve as media for the transference 
of the vibrio. Clothing, if kept moist, can retain the infectivity for days 
and weeks. Greig has shown in India that, in stools kept in the dark at 
room temperatures, the average life of the vibrio is about eight days, but 
when dried it only survives for a few hours. In water the vibrios remain 
viable for a considerable time. In reservoir water they live about two 
weeks, but some grossly contaminated streams, such as the Ganges, are 
unfavourable to their survival. 

Cholera cofriers,— Patients who have recovered from cholera may con- 
tinue to excrete the vibrio irregularly for a few weeks, but, as a rule, 90 per 
cent, become free from infection in 14 days and 99 per cent, in a month. 
The existence of apparently healthy cholera carriers has been recognized, 
and these may exaetB vibrios for two months, though the oarri^,’* such 
as is known in typhoid, does not exist for cholera. Taylor definitely states 
t^t the convalescent and contact carriers in most eases are free from ttie 
vihrio five days from the onset of the attack or cmtact. 
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Immunity , — The guinea-pig or rabbit may easily be immunized against 
the cholera vibrio by repeated intraperitoneal injections of killed cultures. 
The serum thus obtained shows marked agglutinative properties in a 
high titre to cultures of the organism. Furthermore, this serum, when 
injected into a non-immune animal, has marked protective power against 
even four or five times the lethal dose. When this happens, active bacterio- 
lysis takes place (Pfeiffer’s reaction). The test is performed as follows : 

A loopful of a young agar-culture of the vibrio is added to 1 c.c. of bouillon 
containing 0*001 c.c. of anti-cholera serum, and is injected into the peritoneal 
cavity of a young guinea-pig ; by means of capillary tubes inserted into the 
peritoneum, the peritoneal fluid is examined microscopically every few minutes. 
If the original culture was a true cholera vibrio, the organisms break up into 
globules ; if not, no change takes place. The inoculation of animals by cholera 
cultures produces an immune serum which is remarkable for its high agglutinating 
power, the titre going as high as 1 in 12,000. For an agglutination test to prove 
that vibrios isolated from the stools are those of true cholera, a serum of a titre 
of 1 in 4000 should be used. 

Pathology. — Rigor mortis occurs early and persists for a considerable time. 
Curious movements of the liml>s may take place in consequence of post-mortem 
muscular contractions. On dissection, the most characteristic pathological 
appearances in cholera are those connected with the circulation and with the 
intestinal tract. 

If death occurred during the algid stage, the surface presents a shrunken and 
livid ap{)earance. All the tissues are abnormally dry. The muscles are dark 
and firm ; sometimes one or more of them are ruptured — evidently from the 
violence of the cramps during life. The right side of the heart and the systemic 
veins are full of dark, thick, and imperfectly coagulated blood which tends to 
cling to the inner surface of the vessels. Fibrinous clots, extending into the 
vessels, may be found in the right heart. The lungs are usually ansemic, dry, 
and shrunken, occasionally congested and oedematous. The pulmonary arteries 
are distended with blood, the veins empty. The liver is generally loaded with 
blood ; the gall-bladder full of bile ; the spleen small. Like all the other serous 
cavities, the peritoneum contains no fluid, its surface being dry and sticky. The 
outer surface of the bowel has generally a diffuse rosy -red, occasionally an injected 
appearance. It contains a larger or smaller amount of the characteristic rice- 
water material, occasionally blood. The mucoui^ membrane of the stomach and 
intestine is generally pinkish from congestion, or there may be irregular 
arborescent patches of injection here and there throughout its extent. 

If death occurred during the stage of reaction, the tissues are moist ; the 
venous system w less congested ; the lungs are probably congested and oedema- 
tous, perhaps inflamed. Very probably there are evidences of extensive enteritis. 

Oreig has shown that the gall-bladder and biliary passages are frequently 
Invaded by the cholera vibrio and that, as in enteric, this viscus may act as a 
reservoir of infection. Occasionally, according to the same authority, cholera 
may be a septicismia ; the vibrios have sometimes been demonstrate in the 
substance of the lungs and kidneys, and in the spleen. 

On miscroBOopical examination of the contents of the bowrel during the acute 
stage of the disease the cholera vibrio, in most cases, may be demonstrated. 
Usually it is in great abundance, occasionally in almost pure culture in the upper 
part of the small intestine and duodenum, but it may be very scarce in the lar^ 
gut. Sections of the intestine show the vibrio lying on and between the epithelial 
cells of villi and glands. 

Bannei^ee and Dutta demonstrated focal necrosis in the kidneys with hyaline 
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changes and solerotio atrophy. There are also marked changes in the convoluted 
tubules. 

Symptoms. — Although cholera may declare itself within a few hours of 
exposure to infection, it may also do so at any time up to ten days. Three 
to six days may be set down as the usual incubation period. An attack of 
cholera commences in one of two ways : either it may supervene in the 
course of what appears to be an ordinary case of dianhoea, or it may come 
on suddenly, without any well-marked prodromal stage. During cholera 
epidemics diarrhoea is unusually prevalent. It is a common observation 
that at such times an attack of simple diarrhoea may, after a day or two, 
assume the characters of true cholera. The preliminary looseness in 
such cases is known as premonitory diarrhcea or cholerine and is, in 
fact, a mild form of cholera. Besides diarrhoea, other prodromata, such as 
languor, depression of spirits and noises in the ears are sometimes noted. 

Description of Oie average cose . — When true cholera sets in, profuse 
watery stools, usually associated with griping pains, and at first faecal in 
character, pour, one after the other, from the patient. Quickly the stools 
lose their faecal character, becoming colourless or, rather, like thin rice- 
water containing small white flocculi in suspension. Enormous quantities — 
pints — of this material are generally passed. Presently, vomiting, also 
profuse, at first perhaps of food, but very soon of the same rice-water 
material, supervenes. Agonizing cramps attack the extremities and 
abdomen ; the implicated muscles stand out like rigid bars, or are thrown 
into lumps from the violence of the contractions. The patient may rapidly 
pass into a state of collapse. In consequence principally of the loss of fluid 
by the diarrhoea and vomiting, the soft parts slirink, the cheeks fall in, the 
nose becomes pinched and thin, the eyes sunken, and the skin of the fingers 
shrivelled like a washerwoman's. The surface of the body becomes cold, 
livid, and bedewed with a clammy sweat ; the urine and bile are suppressed; 
respiration is rapid and shallow ; the breath is cold, and the voice is sunk 
to a whisper, llje pulse soon becomes thready, weak, and rapid, and then 
after coming and going and feebly flattering, may disappear entirely. The 
surface temperature sinks several degrees below normal— to 93*^ or 94® F. ; 
whilst that in the rectum may be several degrees above normal — 101® to 
105® F. The blood pressure is low. The systolic may register 60 mm. of 
mercury but is frequently unregistrable. The patient is now restless, 
tossing about uneasily, throwing his arms from side to side, feebly complain- 
ing of intense thirst and of a burning feeUng in the chest, and racked with 
cramps. Although apathetic, the mind generally remains claar. In other 
instances the patient may wander or may pass into a comatose state. 

This, the ** algid stage of cholera, may terminate in one of three ways 
— ^in death, in rapid convalescence, or in febrile reaetton. 

Wl^ death from collapse supervenes, it may do so at any time from two 
to Unity boors from the commencement of the seisare, usually in from ten 
to twelve. On the other hand, the gradual cessation of vomiting and 
ptuging, the re-appearauee of the pulse at the wrist, the increase of blood 
pressure and the return of some warmth to the surface may herald em- 
valesoehce. In mck a case, after many hours* absence, seoE^on of urine 
retams, and in a tow days the patient may be practically well again. 
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, Usually, however, a condition known as the stage of reaction ” gradually 
supervenes on the algid stage. 

Anuria , — The first signs of anuria are congestion of the mucous mem- 
branes and conjunctiva, malar flush, delirium, and gradual increase in 
depth and rate of respiration. Recovery is marked by the passage of 
a few ounces of turbid, highly coloured urine and this is followed by a 
“ critical diuresis ” resembling that seen in some cases of acute glomerulo- 
nephritis. 

Renal failure in cholera has been compared to anuria following crush 
injuries. Ton^b claimed that it may be explained by the hypothesis of 
Freeman that collapse of the circulation, as in surgical and traumatic 
shock, is the result of over-stimulation of the 83rmpathetic nervous system. 
This results in dilatation of the capillaries of the skeletal muscles and 
constriction of the dennal and abdominal vessels. It is suggested that the 
histological changes in the urinary tubules art' due to deprivation of oxygen. 
The blood area is invariably raised and may reach 850 mgm. Anuria may 
persist for fifty hours, and the patient may yet recover. 

The importance of charting the amount of urine, hour by hour, day b\' 
day, in the reactionary stage of cholera cannot be over-emphasized. These 
data are essential if threatened anuria is to he successfully combatted. 

Eeaciion or cholera typhoid , — \Mien the patient enters on this stage the 
surface of the body becomes warmer, the pulse returns, the face fills out, 
restlessness disappears, urine is secrett'd, and the motions diminish in 
number and amount, becoming bilious at the same time. Coincidently with 
the subsidence of the more urgent symptoms of the algid stage and this 
general improvement in the appearance of the patient, a febrile condition 
of greah^r or less severity may develop. Muior degrees in this reaction 
generally subside in a few hours ; but in more severe cases the febrile stat^ 
becomes aggravated, and a condition in many respects closely resembling 
typhoid fever, “ cholera typhoid,*' ensues. 

During the stage of reaction death may occur from a variety of complica- 
tions— from pneumonia, from enteritis and diarrhoea, from asthenia, or 
from such effects of uramic poisoning as coma and convulsions. 

Hyperpyrexia is an occasional, though rare, occurrence in cholera. In 
such cases the axillary temperature may rise to F., the n^tal tempera- 
ture perhaps to F. Tlu»se cases also are almost invariably fatal. 

In cholera then* is a considerable variety in the character of the symptoms 
and in their severity, both in individual cases and in different epidemics. It 
is generally stated that the earlier cases are the more severe, those occurring 
towards the end of the epidemic being on the whole milder. 

Ambulaiory comh occur during all epidemics, characterized by diarrhoea 
and malaise merely ; there is never complete suppression of urine, the 
diarrhoea never loses its bilious character, and is not accompanied by 
cramps. The attack gradually subsides without developing a subsequent 
stage of reaction. 

Cholera sicca , — A very fatal type is known as cholera sicca.” In these 
cases, though there is no, or very little, diarrhoea or vomiting, collapse sets 
in so rapidly that the patient is quickly overpowered as by an overwhelming 
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dose of some poison, and dies in a few hours without purging or any attempt 
at reaction. 

Eye changes in cAofera. — Osmotic dehydration in cholera can bring about 
a lens opacity, which, in lesser degrees, is reversible, so far as the physical 
state of the water in the lens is involved. 

Therefore cataract may develop suddenly in the stage of collapse and 
may have a simiiar osmotic basis to that of diabetes. In cholera loss of 
fluid from the bowel may lead to osmotic dilution of the body fluids, 
including the aqueous, and consequent inflow of water into the lens. 

The ophthalmoscopic changes consist of a wavy gridiron appearance with 
dark lines against a red backgroimd, possibly denoting wrinkling of the 
capsule. 

These changes disappear on rehydration. 

Sequelae are unusual. Recovery is generally complete. Occasionally 
there are minor sequelap, such as anssnna, mental and physical debility, 
insomnia, a diphtheritic inflammation of the mucous membranes of the 
intestines, fauces and genitalia, nephritis, different forms of pulmonary 
inflammation, parotitis apt to end in abscess, ulceration of the comete, 
boils, bedsores, and gangrene of different parts of the lx)dy. Jaundice 
occurs at tim^^s, and is said to be of the gravest import. An int(*n>8ting, 
but unusual, sequel is bradycardia. Pregnant women almost invariably 
miscarry, the foatus showing evidences of cholera. 

The prognosis of cholera is especially bad in opium addicts. 

Mortality. — The average case-niortabty in cholera amounts to about 
50 per cent. Some epidemics are more deadly than others. As already 
mentioned, the mortality is greater in the earlier than in the later stages of 
an epidemic. To the old, the very young, the pregnant, the subjects of 
gmve organic disease — particularly of the liver, kidneys, and ht^rt — the 
dissipated, the underfed, and the feeble, the danger is very great. 

Diagnosis. — During the height of an epidemic the diagnosis of cholera 
is generally easy ; the profuse rice-vrater discharges, the collapse, the cold 
clammy skin^ the cyanosis, the shrunken features, shrivelit*d fingers and 
toes, the feeble husky voice, the cold breath, the cramps, and the suppression 
of urine, together isith the high rate of mortality, generally sufficiently 
distinctive. But in the first eases of some outbreaks of diarrhcea, which 
may or may not turn out to be cholera, and the true nature of which, for 
obvious reasons, it is important to determine, correct diagnosis may not be 
so easy. Control measures should be applied if the cfoical evidence is 
suggestive, without waiting for bacteriological eonfimiation. 

In other forme of diarrhoea it is rare for the stools to be persistently so 
tmtirely devoid of biliary colouring mattor as they are in cholera. 

detection of the comma vibrio in the stools is regarded as a positive 
indication of cholera. It would be rash, however, to afllrm Uiat a negative 
result from bactenological examinatHm of a single case rules out chotora. 
Moreover, such examinations, to be trostwmihy, have to be nmde by a 
skilled bacteriologist. 

In the first pkee the stods should be examliied mlcroieoplcally. If vibrios 
arapresent in large numbm they may be detected by thrir srintillating foiatosy 
movements in haiiging*dfop pfeparatkms, or by ttieir diaiaetmistio a]^ to 
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faecal films stained by oarbolfuohsin. According to Koch, a rough diagnosis may 
be made in 60 per cent, of cases by this method. If vibrios are very numerous, 
plates may be spread direct by a platinum loop on alkaline agar, or on Dieu- 
donn^^B medium. When the vibrios are present in small numbers — (a) alkaline 
peptone water should be inoculated with two or three loopfuls of the fluid stool 
and incubated for seven hours ; (b) any pellicle present on the surface of the 
broth should be examined in stain^ films or by the hanging <drop method ; (c)if 
vibrios are scanty, a second alkaline peptone tube should be reinforced by 
inoculation, incubating for a further six to eight hours, and plating out on 
alkaline agar ; (d) an emulsion of colonies from the plate or from an agar slope 
sub-culture should be agglutinated against the specific antiserhm in high titre. 

An agglutination of over 1 in 1000 with a specially prepared serum strongly 
suggests the true cholera vibrio, which may then be subjected to special bio- 
chemical tests. 

The full technique of identification demands a considerable amount of time, 
and as promptness is the first essential in*cholera diagnosis, be it of acute cases or 
of “ carriers,” other methods of rapid and more or less accurate diagnosis have 
been devised. Such a one is Bandies method, which consists in inoculating the 
suspected faeces into peptone water containing agglutinating serum of such 
strength as to clump the cholera bacillus in high dilution. Within as short a 
{period as three hours' incubation, agglutination visible to the naked eye is said 
to be present. This method, when employed in a large number of cases, 
neceasarily consumes a large quantity of immune serum. 

The advaiitag(*8 of such a rapid method are several : positive reports 
may be obtained on a large numlwr of cases in as short a period as eighteen 
hours, and as many as 2(X) stools may 1 n» examined by one worker during 
the course of a moniing’s work. A modification was described by Davies 
and the Editor. The following are the stages in the technique : 

1. Inoculate a platinum loopful of faeces into peptone water, 1 per cent. 
|K«ptone, 1 per cent. NaCl, made distinctly alkaline to litmus. 

2. Incubate for eighteen hours. 

3. Place a drop of the resulting growth on the slab of Garrow's agglutinometer 

(Appendix, p. 1014), together with a drop of 1 in 80 anti-cholera serum. The 
resulting mixture will give a dilution of cholera serum 1 in 160. On the next 
tmrtition drop an equal quantity of normal saline, together with a drop of the 
peptone culture, to act as a control. Rotate for three minutes. If vibrios are 
present, a definite agglutination will be obtained. This can be confirmed later by 
agglutinating with cholera serum in still higher dilutions. It is recommended 
that stock bottles (with rubber cape) of cholera serum preserved with 0*6 per cent, 
c arbolic acid, in dilutions 1 in 80, 1 in 160, 1 in 320, 1 in 640, be kept. If an 
agglutination is obtained with the lower dilutions it may subsecfuently be titrated 
with the higher ones. » 

4. The peptone culture can then be spread with a platinum loop on Oen- 
diropoulo's agar (alkaline agar), and a culture obtained by this means. The 
c'holera colonies can then easily be recognised by their transpmnt bluish-grey 
appearance. The hiemolytio and sugar tests may then be apj^ed. . It has been 
found that vibrios agglutinating with specific serum in high dilutions invariably 
give correct sugar, hamolytic, and cholera-red reactions (p. 461). 

In an autopsy on a suspected case of cholera, at least two sections of the 
small gut, each about 6 in. in length — one just above the ileocsecal valve, 
the ot£er in the middle of the Ueum— should be ligatured, out off, dropped 
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into sterile sab’ne and sent to a bacteriological laboratory as soon as possible 
for examinatiop. 

An agglutination reaction is not obtainable from the blood-serum during 
the acute stage, but it is present after eight to ten days from the commence- 
ment of the disease, reaching its maximum in four weeks ; it may attain 
a titre of 1 in 1000. 

Taylor made it plain that the question of H and 0 agglutinins is important 
in the diagnosis of cholera, as it is in other intestinal diseases of bacterial origin. 
The H element is present in some strains of true cholera and also in all the 
saprophytic water vibrios. It is affirmed that the O agglutinin is all-important. 
Evidence is accumulating that the 0 groups of vibrios are responsible for most of 
the serious outbreaks of cholera. Therefore, it is important that sera from 
cholera cases should be tested for 0 agglutinins. 

Difrerential diagnosis. — True chplera may have to be differentiated 
from ptomaine, or mushroom poisoning, which may simulate it very closely, 
but in this instance there is usually a history of several persons having been 
attckcked at the same time, after having partaken of a particular article of 
food, especially tinned. Leucocytosis is absent in food-poisoning though 
usually found during the early stages of cholera. 

For the differential diagnosis of cholera from food poisoning, see 
Table VI, p. 469). 

Algid or choleraic snbterlian malaria may simulate tnie cholera very closely 
(see p. 69) ; acute bacillary dysentery may ocx^asionally be so sudden and 
severe in its onset as to resemble cholera ; acute trichinosis is distini^ished 
by leucocytosis and pronounced eosinophilia ; in arsenical poisoning 
vomiting is more usually the most urgent commencing symptom. Children 
suffering from cholera are apt to develop hyperpyrexia with cerebral 
manifestations, which may be mistaken for meningitis. 

Treatment 

During cholera epidemics it is customary to establish depots where 
sedative and astringent remedies for the treatment of diarrhoea are dispensed 
gratuitously. Chlorodjme in small doses, 10-15 drops, has been found to be 
of value in allaying the more urgent primary manifestations. 

In the early st^es of evacuation opium is of undoubted value. A 
hypodermic injection of morphia, | gr. with atropine gr. should be 
given immediately. An anti-diarrhoeic of value is as follows : 

B Sodii bicarb gr.xv (0*972 grm.) 

Cret. prep. . ... gr.xv (0*972 grm.) 

Spirit. sE^ther. . . ' . . Vl{xr (0*88 c.c.) 

Spirit, ammon. aromat. . nfxv (0*88 o.o.) 

Tinet. opii . ... nfxxx (1*77 c.c.) 

Aq. cblor, ad. . . . . Ji (28*4 c.c.) 

Of this, 1 fl. oz. should be given every twenty minutes until purging and ^ 
vomitix^ cease. 

Kaolin, or “bolus alba,“ as an intestinal astringent in large doses, 
adsorbs toxins, thus rendering them inert. It consists of kaolin’ 900 grm. 
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Tablu VT 



Choleba i 

Food Poisoning 

THafrhfta. 

1 Often associated with { 

' griping. Precedes j 

vumiung. j 

Associated with some intestinal pain. 
Follows vomiting. 

Vomiting, 

Causes no distress. 

Watery and projectile ; i 
j follows diarrD<£a. 

i 1 

Often wlent and distressing. Vomit 
consists of food and is never watery. 
Copious or projectile. Generally 

precedes diarrfuea. 

Nausea. 

) Absent. ’ 

Constant. 

Retching. 

Rare. 

Constant, often severe. 

Abdominal 

pain. 

Not usually severe. 

CV)nstant. 

Tenesmus. 

S' 1 

Absent. 

Common, 

Stools. 

Watery and copious. 

Liquid, ftecal, and offensive. Never 
colourless and copious. 

Urine, 

; May be completely sup- • 

1 pressed. 

Never suppressed. 

Muscular 

cramps. 

• Constant and severe. 

In very severe cases confined to 
extremities. 

Collapse. 

f Frequent. Chiefly from 
icMM of fluid. 

Faintness and sjmcope from toxjemia. 

Fever, 

\ 

1 Surface temperature below 
normal, but rectal tern- j 

1 perature may be raised, i 

Axillary temperature 99-109® F. 

Headache, 

1 Absent. | 

Frequent. 


I 


(7 oz.) in 400 c.c. (14 oz.) of water. This is a single dose, but if there is 
vomiting it may be repeated, and sipped in small amounts at a tiipe. It is 
inconvenient to administer on a large scale, on account of the bulkiness of 
the dose. 

It has been shown that the adsorption-rate by kaolin is much more rapid in the 
case of the cholera vibrio than with an emulsion of equal strength of t3rphoid. 
Rapid adsorption is one of the reasons why kaolin in massive doses is beneficial 
in the treatment of cholera. 

Subsidiary The patient should be kept strictly in the 

horizontal position, in a warm bed, and in a well-ventilated, but not too 
cold room. Thirst should be treated by sips of iced water, soda-water, 
champagne, or brandy and wat^x. Copious draughts, as they are likely to 
provoke vomiting, are usually condemned. It does not follow from this 
that they are harmful ; the emesis contributes to the elimination of toxins. 



460 


CHOLERA 


Cramps may be relieved by gentle frictions with the hand, by a small 
hypodermic injection of morphia, or, these failing, by chloroform 
inhalations. 

The surface heat is maintained by hot-water bottles or warmed bricks 
placed about the feet, legs, and flanks. The patient must not be allowed 
to get up to pass his stools ; a wanned bed^pan should be provided for this 
pu^se. The foot of the bed should be raised. All food should be withheld 
while the disease is active. 

Intravenous salines . — ^For the stage of collapse, which is due to the loss 
of a large amount of fluid, intravenous injectiotis of salines must be resorted 
to in order to restore the balance. Collapse in cholera does not differ 
fundamentally from that due to hapmorrhage, and similar principU^ 
of treatment underlie both. Intravenous injection of normal saline is 
therefore indicated, but success appears to dejiend on the introduction 
of a sufficient quantity. Three to four pints may hi* necessary, Cox 
of Shanghai had encouraging results from continuous, prolonged, slow 
intravenous injections of isoti)uic saline fluid given by a special apparatus 
placed ft. above the level of the patient’s arm. The flow is kept up 
for several hours, at a rate of 2 oz. per minute, as long as there is danger 
from oollapse.* The saline injections may be combined with 5 per cent, 
glucose, which may act beneficially in urinary suppression. Xoriaal saline 
was preferred as a routine in Hong Kong, because hypertt)nic salines 
were not successful. Ride (1938) considered that, until the nature of 
the fluid loss in cholera has been ascertained, it is better and more scientific 
to make good the dehydration loss by normal saline infusions. Recent 
experiences indicate that intravenous injections of plasma (or reconstituk^d 
plasma), in addition to normal saline, are phy8iol(»gic^l and beneficial. 
Should the veins be difficult to penetrate, transfusion may l>e |w»rformed 
into the peritoneum or under the breast. After introduction of two to 
four pints of saline into the peritoneal cavity, the veins soon become 
prominent, and intravenous injection can then be carried out. 

TreatmerU of hyperpyrexia , — During the saline infusion, half-hourly 
charts of the rectal temperature should be kept and, should hyperpyrexia 
supervene, ice-packs must be applied and iced injected per rectum. 

Bogtrs^streatmeni.--'niough modem therapeutists regard this method as being 
baaed upon faulty physiological reasoning, it is necessary to give an outline of the 
data. Rogers, believing that collapse in cholera was due to exoossive loss of 
chlorides from the blood-stream, introduced the intravenous hypertonic saline 
treatment. This is composed as follows : sodium chloride, 120 gr. ; potassium 
chlori^, 6 gr. ; calcium chloride, 4 gr. ; sterilized water, 1 pint. The fluid in the 
containing bottle should be at a tempemture of about KKf F, If the rectal tem- 
perature is below or F. ; if the latter is above lOT F., as there is risk from hyper- 
pyrexia, the injection shonld be given at a temperatuie between ST and OT F. 
This sdutioQ is introduced by means of a special stopcock cannula and transfusion 
bulb at the rate of not more than 4 oz. a minute, the flow being slowed down to 
I os. if distress or headache supervenes. From three to six pints should ^ 
mn in, if possible. On an average, fifleen minutes should be taken for two 
ptots of fluid. At the aaoie time, potaarium permanganate in solution or in 
pill by mouth up to 50 gr. a day is given in oi^ to Mtroy tox^ formed In 
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the alimentary canal — 2 gr. every quarter of an hour for two hours, then every 
half-hour until the stools are coloured green. These pills are made up in some 
inert material, such as kaolin and vaseline, without the addition of any oxidizable 
substance. They are coated with salol, in the proportion of one part to five parts 
of sandarach varnish. 

With intravenous saline Rogers combined hypodermic injections of atropine, 
tA?t g**-* nioming and evening. The principles of the treatment are as follows : 

A blood -pressure below 70 mm. of mercury indicates a dangerous collapse, 
and a specific gravity of the blood of 1063 or over indicates a loss of half the 
fluid from the blood. In the acute stage the specific gravity of the blood varies 
between 1060 and 1072, the normal figure for a European i^ult being 1058 and 
for an Eastern native 1056. 

The specific gravity of the blood is estimated by employing a series of small 
bottles of aqueous glycerin with specific gravities increasing by 2° per bottle 
from 1048 to 1070. The specific gravity may be controlled by a urinometer. 
Blood from the patient is dropped on to the surface of the fluid in the bottles 
by a capillary pipette. The drop which remains stationary in the centre of the 
giyc'erin solution of a given strength indicates its specific gravity. 

In the stiige of collapse, anuria often occurs, and every effort must be 
maintained to re-t*stablish the blood-pressure. Pituitary extract, or 
pitresain, is often nmhil during the stage of reaction, given in doses of ^ 
to 1 C.C., hyfX)dernucally, two to four times a day : adrenalin may also 
be given, but its action is more transient. Caffeine citrate, 5 gr., is useful 
as a cardiac tonic and as a diuretic ; it may be given three or four times 
during the twenty-four hours. Tincture of strophanthus, 5 min., tliree 
times a day, is useful as an adjuvant. In cases of complete suppression, 
dry-cupping over the lumbar region twice daily by P'enwick's cups may 
help to re-start the flow of urine, and may be supplemented later by hot 
dry fomentations. Rt>ctal injections of hyperalkahne saline — 150 gr. of 
sodium bicarlHumte to the pint of isotonic saline — should be administered 
slowly every 2-4 hours in crises where collapse has been overcome but 
suppression of urine persists. The objtH*tion to using sodium bicarbonate 
is that this salt has a lytic action on the red cells in trUro, but in 4*5 per 
cent, concentration it has no hfemolysing effect. During sterilization the 
bicarlKjnat<^ tends to be converted into the carbonate, but Bellards found 
that this tendency was minimized by sterihzation in an autoclave connected 
with live steam at 7-lb. pressure. 

If the secretion of urine is not quickly restored, large .hot poultices or 
dry-cupping over the loins, and the judicious use of bland diuretics should 
be tried. Injections of digitalin, gr., may be given to stimulate the 
cardiac action. 

During the stage of reaction, should purging persist, large doses of 
salicylate of bismuth with ^ little opium may prove of service. 

Cholera typhoid must be treated much as ordinary entenc fever. 

In cholera convalescents the diet for a time must be of the simplest and 
most digestible charaoter--diluted milk, barley-water or rice-water, thin 
broths, meat juice, and so forth — the return to ordinary food being effected 
with the greatest circumspection. 
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SsMntuU oils , — A popular treatment in India is an essential^oils mixture 
as follows : 


B Spirit, aether. 

01. anis. 

01. oajup. 

01. junip. 

Acid, sulph. aromat. 


. IHxxx (M76C.C.) 

. niv (0*296 C.C.) 

. IHv (0*296 C.O.) 

. in V (0*296 c.o.) 

. inxv (0*888 c.c.) 


Half a drachm (1*176 c.c.) in half an ounce of water, every quarter of an hour 
Total dose, 8-14 drachms. 

This mixture should be given immediately, when practicable, and it is claimed 
that vomiting, purging, and intestinal pains aure controlled. The value of the 
^method in mass treatment is obvious, as little supervision is requisite. 


Sfdphagiuinidine . — Chopra and colleagues first reported on this treat- 
ment in cholera. The dosage to an average Indian patient in this series 
was 6 grm. on admission, and 2*5 grm. every four hours until a total of 
20 grm. had been given. The mortality rate was 8*21 per cent. Others 
have not found sulphaguanidine of any value, even when combined with 
intravenous hypertonic saline. 

BacUriophage, — Asheshov, Khan, and Lahiri gave bacteriophage together 
with intravenous hypertonic saline. Sterilkation is done under pressure in the 
autoclave (30 minutes at 120° C.) and not by boiling. Three pints of hypertonic 
saline are given intravenously, together with an additional pint of alkaline salt 
solution (150 gr. sodii bicarb, to a pint of normal saline). Together with this the 
cholera bacteriophage is given undilnt^ by the mouth in one drachm doses 
every 30 minutes, or 5 c.c. intravenously for more rapid action. The results 
have not been impressive. 

AfUickolera serum . — Ghosh and others tried injection of a new anticholera 
serum of an increased potency. This has been produced by a modiBcation of 
toxin production with the object of obtaining a maximum quantity of both 
endo- and exotoxin. The sertim is best injected intraperitoneally in doses of 
70-80 c.c. The results are stated to be encouraging, and it was found that, in 
cases with a blood specific gravity of 1064 or more, the mortality was reduced 
by more than 60 per cent. No cases of uraemia occurred in the series. The 
intravenous injection of the serum is by no means so favourable as the intra* 
peritoneal. 

^ Mortality 'rate. — The death-rate for cholera baa always been high. In 
former days in India it was seldom less than 70 per cent. In the decade 
ending 1908 it was 54*2 per cent, in Indian and 78*5 per cent, in British 
troops in India. With improved methods of treatment it has declined, 
but is still about 20 to 80 per cent. The death rate in collapsed cases is 
considerably higher, and, even with modem methods, remains about 
65 per cent. 

^6 prognosis is unfavourable in those over fifty years of age and in 
diildren under five. 

Prophylaxla. Quarantine pmmtian. — ^Theoretically, quarantine 
riiould be an efSeient protection against the introduction of clmlera into 
a community ; practically, it iias proved difficult to apply. Unless they 
are stringent and tfaorouji^ly carried out, these regulations can be of little 
w. Even if the utmost care, intelligence, and honesty succeed in excluding 
individuals actually suffering from cbol^, or likely within a reasonable 
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time to suffer from it, there is yet no guarantee that the germ of the 
disease may not be introduced. Convalescent patients may pass vibrios 
in their stools. For the recognition of the carrier state it is necessary 
to examine the stools of all contacts. A small dose of calomel to clear 
out the contents of the small intestine greatly increases the chance of 
recovering the specific organism from stools. This is the only scientific 
method of conducting a reliable quarantine. 

The system to which Great Britain apparently owed her immunity 
during epidemics on the continent of Europe is a practicable and, in 
civiliz^ conditions, an efficient one. Under this system, only ships which 
were carrying or which had recently carried cholera patients were detained ; 
and even these merely until they could be thoroughly disinfected. Thus, 
inconvenience and loss to travellers and merchants were small, and the 
temptation to conceal cases of the disease or to evade regulations was 
proportionately minimized. Any cholera cases were isolated in suitable 
hospitals, the rest of the crew and passengers, although supervised for a 
time, being given free pratique. At the same time attention was not 
diverted from the sanitation of towns, especially of seaports — the measure 
mainly relied upon. Suspicious cases occurring on shore were at once 
reported to the sanitary authorities and promptly dealt with, fomites 
l)eing destroyed or disinfected at as little cost and inconvenience to indi- 
viduals as possible. Every endeavour was made to prevent f»cal contami- 
nation of the public water supply. 

Of late years, in India, preventive measures have l>een conducted much 
on the same lines, attention being given to sanitation rather than to 
quarantine. During the great religious festivals the sanitary condition 
of the devotees is liK)ked after as far as pnvcticable, special care being 
given to provide them with good drinking and bathing water. On the 
appearance of cholera in the vicinity of troops in India, special protective 
measures are promptly instituted, eIalK)rate directions having beim drawn 
up for the guidance of medical officers. 

Wells and water supplies during a cholera epidemic should be treated 
with potassium permanganate until the water becomes pink ; an appro- 
priate strength is 60 gr. to the gallon of w^ater. The water should not be 
used until it has b(H*n colourless for twenty-four hours, and all vegetation 
and aquatic fauna removed. 

It is held in India that one of the major measures of prevention is the 
provision of safe permanent water supplies to the whole population. 

The application of bacteriophagic principles to sanitation.— According 
to Graham and Morison, choleraphage is absent in the intestinal tract before 
the beginning of a cholera epidemic. Little or no phage is found in the first 
victims to be stricken, and this substance is elaborated as the epidemic progresses, 
so that those patients who develop a rapid exaltation of choleraphage recover. 
Thus, this factor can be used as a prophylactic measure in disinfecting wells. 
For this purpose 30 o.c. of potent bacteriophage were added to two wells in 
the ocmtaminated area. One case only developed in those who drank this wrater. 

Haffkine^t inoctdation * — During the 1914^1918 war many millions of 
anticnoleraic inoculations were made. The initial dose is 1 c.c. of an 
emulsicm of 4,000 millions, followed seven to ten days later by a second 
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inoculation of 1 c.c. containing 8,000 millions* Experience has shown that 
even larger doses can easily be tolerated. Local reaction is, generally 
speaking, very mild. There may be oedema and a painful infiltration at the 
site of file injection, rarely followed by systemic disturbance. 

Several strains of chcdera vibrios are u^.. They are inoculated into Roux 
bottles oontiunmg pea*extract agar and grown for forty -eight hours. The 
growth is washed off with normal saline, and the emulsion counted, with dark 
ground illumination. The emulsion is then heated to 55° 0. for one hour, after 
which 1 per cent, carbolic is added. The emulsion thus sterilized is finally 
diluted down so as to contain 8,000 million vibrios per c.c. of saline and 0*5 
per cent, carbolic. 

The immunity thus produced does not seem to be very persistent, lasting 
at the maximum for t^ee or four months. 

Experience, particularly that obtained during the Balkan War in 1918, 
in Batavia in 1915 and 1916, and in the 1914-18 war, has gone far to 
confirm the earlier impressions of the value of Haflnrine’s inoculation. 

In India from 1905-1916 the annual number of deaths attributed to 
cholera was never less than 300,000. Epidemics of cholera are readily 
controlled by vaccine when inoculation is made compulsory ; thus, when 
this disease was introduced into Korea from China in 1926, the outbreak 
was promptly brought to a close by the inoculation of more than one 
million persons. 

Immunization per oe, — ( Besredka). The vaccine is made from thick suspensions 
of the organisms killed by heat, carbolic acid, or alcohol, and given in from 3 to 
5 doses ranging up to 100 c.c. every other day. Each dose consists of 10-100 
milliards of vibrios, or 0*01-0*1 grm. of the dried organisms. The full course 
of biH-vaccine, as it is called, is said to confer the same d^pvte of immunity as 
ordinary vaccine, but that produced by a simple inoculation is probably as high 
as that afforded by a full course of bili- vaccine. 

Personal prophylaxis , — During cholera epidemics great care should be exercised 
to preBtare the general beidth ; at the same time, anything like panic or appre- 
henston must be seduloasly discouraged. Visits to cholera districts should 
be postponed, if possible, seeing that the newcomer is especially liable to the 
disease. Unripe fruit, over-ripe fruit, sbell-fisb and food in a state of decom- 
position shoula be avoided. All drinking>water, and all water in which dishes 
and ever 3 rthing used in the fseparation and serving of food are washed, should 
be boiled. Ifore chlorination of the water with bleaching powder (C^OClt), 
giving 1*3 parte of chknine per milficm, or added to water in the proporti^ 
of 2 grm. of the powder to every 1 10 gallons, is not entirety reliable. Sodium 
hisulphate tablets (2 grm. to 1} pints of water), by liberating saiphurie acid, 
provide a most usefril method of similizing water for personal use, as for instance 
in a water*bottle. FQtef»-H»i:cept perhaps the Pasteur-C^amberland — are 
not for the moat part to be relied upon ; in many instances they are more 
likely to contmniiiui^ the water pas^ through them than to purify it. A 
good plan in a household or in pobUe institatimis is to provide for drinking 
purposes an ahundant euppfy of weak tea or lemon deooetkm, the supply bdng 
renewed daily ; aueh a fUM ensures that the water used in the inepiMtiofi 
the drink has been boiled. AS food should be protected from IMarrhma 
occurring during cholera epidemics should be vigorottsly treated. 
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THE DYSENTERIES AND LIVER ABSCESS 

Thrbb types of dysentery, correlated to three quite distinct and, zoo- 
logically, widely separated parasites have now been definitely established. 
Though of a totally different a?tiology they are not mutually exclusive, for 
one type may be superimposed upon and complicate another ; moreover, 
any or all of them may be implanted on some general disease, such as malaria 
or typhoid. The term “ dysentery ” denotes a symptom-complex, but 
does not indicate some particular disease of distinct aetiology. It is most 
important that a sane and critical view should l>e taken on the all-important 
matter of differential diagnosis of the dysenterif^s as there are many 
pathological conditions of the intestines which may give rise to a discharge 
of blood and mucus, but which are not connected ^nth any particular 
parasitic infection. 

The principal forms of dys<*ntery and their respective parasites are as 
follows : 

I. BACTERIAL- 

The Bacillary dysenteries : 

Bacterium dysenterice — Shiga, Schmitz, Plexner and 

Sonne. 

II. PROTOZOAL— 

Amckbiasib — Amcebic dystmterv. Liver abscess, etc. 

Kniamwba hutolytua. 

Balantidial dysentery : 

Balantidium roU. 

III. HELMINTHIC— 

Bilharzial dysentery : 

Bilharzia mansoni, B. Itcemaiolria, B. jajyonica. 
Verminous dysentery : 

(Esophayosionium apiostomumy or (B. stephanoslomum, 

I. BACILLARY OR EPIDEMIC DYSENTERIES 
E K mi — J apanese 

Deflnitioii.^ — AcuU* epidemic diseam^s due to invasion of the mucosa 
of the large intestine by spfHjific bacilli (B. dysenterice Sldga, Schmitz, 
Flexner, or Soime). Pyrexia, symptoms of toxic absorption, and the 
discharge of blood-stained mucus in the stool usually occur. Li severe 
cases coagulation necrosis of the mucosa may take place and quickly lead 
to death. In the milder forms the clinical symptom may be a simple 
diarrhoBa. 

Geographical distribution.— -Epidemics of bacillary dysentery are 
frequent both in the tropics and in temperate countries. At present 
such epidemics are of ^ater inUmsity and frequency in those countries 
in which the insanitary habits of the natives and more primitive conditions 
of life lend themselves to the spread of disease. In medieval times bacillary 
<iy8entery epidemics seem to have been much more widespread and 
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virulent when the sanitary conditions were more akin to those among 
primitive tropical natives. In Europe, bacillary dysentery is mainly an 
institutional disease, occurring not infrequently in lunatic asylums, prison 
camps, and military barracks. In the Gallipoli campaign (1915) it was 
responsible ior the majority of the 120,000 medical casualties evacuated 
within three months. Sonne dysentery has been widespread, especially in 
children, during recent years, during the winter months, in England, 
Europe and America. 

Epidemiology. — In the tropics and subtropics, the bacillary dysenteries 
appear to observe a definite seasonal incidence. They are certainly 
prevalent during the rainy season and for a short subsequent period, but 
mostly in the autumn months, while minor epidemics may also be noted 
in the early spring. During the hot dry African summer they are in 
abeyance. Epidemic dysentery is associated with the rainy season in 
the tropics for the following reasons. The rains deter people from 
defascating at a safe distance from the village waterlogging of the soil 
prevents the bacilli from dying out ; people are more liable to chills, which 
often cause an acute attack ; natives crowd together, which increases the 
chances of infection, together with an increased risk of pollution of water 
supplies. The infection spreads rapidly from man to man. 

Bacillary dysentery has always been a scourge of war. If we may trust 
the records of history it was an important factor in the Napoleonic wars, 
in the Franco-Prussian War of 1871, cmd in the South African War of 
1899-1902. Large epidemics of bacillary dysentery occurred during the 
war of 1914-18, and as a cause of invaliding it was hardly secondary to 
any other disease. In the Middle East, India, Iraq and East Africa the 
general tendency was to mistake, for reasons pointed out on p. 478, amu^bic 
for bacillary dysentery. That bacillary dysentery was the predominating 
form in every epidemic of war dysentery from the Gallipoli campaign 
onwards was pointed out by the Editor and others. This has been borne 
out by the experience of the present war. 

Direct carUagion by faces occurs, as a rule, among primitive communities 
in which the ordinary sanitary observances are either unknown or dis- 
regarded. The spread of dysenteries in lunatic asylums and Indian bazaars 
is attributable to personal habits which lend themselves to dissemination 
of infection. Contamination of food by the soiled hands of carriers, 
especially Army cooks, and contamination of vegetables by use of human 
ni^tsoil as a fertilizer are also possibilities. 

Indimi tmtagion. (o) JFIies.— There appears to be little doubt that 
houseflies {Musca domestiea) commonly act as carriers of the infection. The 
seasonal incidence of bacillary dysentery corresponds in a remarkable 
manner with the maximum prevalence of these pests. In 1910 the Editor 
demonstrated Shiga dysenf^ bacHli, in considerable numbm, in the 
intestinal tract of hous^es in an endemic area. This work was confirmed 
by Taylor and others. The housefly is able to spread dysenteric infection 
fintly, by r^gurgitatiem preparatory to feeding on food ; and seocmdly 
(probably nunre commonly) by its feces. BnxUm found that the intestinal 
canal of the majority of Booseflies caught in Iraq contained human fasces. 
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The importance of the insect in the spread of the bacillary dysenteries can 
therefore be understood. 

(b) Water acts as a medium of infection, especially in the Dutch East 
Indies and Malay States. It has been shown that the bacillus can survive 
in drinking-water for over three weeks, but not for so long when exposed to 
the sun or when associated with numbers of putrefactive micro-organisms. 

(c) Milk, — Several outbreaks of Flexner and Sonne dysentery in southern 
England and in Europe have been ascribed to contaminated milk. 

(d) Food . — Sonne dysentery is a food infection and should be classified 
among the group of food-poisonings. One of the largest outbreaks in 
London in 1933 was ascribed to eating “ pease pudding.” 

(e) SiLSceptibUity of the individual. — New arrivals in the tropics are 
lial)Ie to this form of dysentery, and small children are specially so. 
Patients whose resistance has been undermined by intercurrent disease, 
such as malaria, pellagra and tuberculosis, are apt to die from terminal 
bacillary dysenter}^ 

(/) Carriers {see p. 477). 

y£tiology. — Bart, dysenterice was discovered by Shiga in 1898, confirmed 
two years later by Kruse in Oermany. It has therefore been known as the 
Shiga-Kruse bacillus. 

Shiga's bacillus is a rod-shaped Gram -negative organism, 1 to 3 g in length by 
0*4 (X in breadth ; it is non-motile, and often exhibits very active Brownian 
movement. Vedder and Duval have demonstrated numerous lateral flagella of 
great tenuity. On agar and gelatin it grows as a thin smooth film with regular 
margins, and on MacConkey plates its colonies much resemble those of the 
typhoid bacillus ; they are regularly round, light-blue and dew-like. It produces 
no liquefaction of gelatin, and grows as a transparent, almost invisible, layer on 
potato. With solutions of the sugars {see Table VII, p. 468) it produces acidity 
in glucose, but is inert in the rest of the series and does not produce indol in 
peptone water. The organism is agglutinated in high dilutions by the serum of 
patients suffering fh>m the disease. It occurs in considerable numbers in dysen- 
teric lesions, and in the mucous stools of the corresponding period of the disease. 

A variety of Shiga's bacillus (resembling that organism in its sugar reaction, 
but forming indol and not agglutinating with Shiga-immune serum) is known as 
Schmitz’s bacillus and has been shown to be of considerable importance in the 
Middle East. (This organism is identical with B. ambiguum of Andrewes.) 

Cultures of Bad. shigce are toxic to laboratory animals, especially rabbits, 
but in these animals they do not produce lesions characteristic of dysentery, 
though filtered toxins, when injected intravenously, cause necrosis of the 
large intestine. In two experiments in man, one intentiotial, the other 
accidental, ingestion of pure cultures was followed, within a short time, by 
well-marked symptoms of dysentery. 

Flexner'e bacillus (the Flexner-Boyd group). — In 1900 an organism morpho- 
logically similar to Shiga's bacillus, but differing in the production of acid from 
mannite as well as glucose, producing indol from peptone somewhat irregularly, 
and inagglutinable with Shiga-immune serums, was isolated by Flexner from oases 
of dysentery in Manila. Prom the work of Andrews and Inman on a very large 
number of strains of Flexner — the mannUe-fermenting group — it can be definitely 
stated that the organism does not adhere to one constant type, as does Shiga's 
bacillus, but differs greatly, in the toxicity of the various strains and in their 
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A -- acid, G — gaa, Aik — alkaline, SI ~ slight. 

♦ To diSemitiate Baet. eiOenWia and other organisms of the food -poisoning group from Baci, paratyphomm B, serological tests 

must be applied. 
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antigenic properties. The basis for satisfactory sub -grouping was established 
by the serological method of Murray, Andre wes and Inman. It appeared that 
five definite strains of the bacillus could be identified, known respectively as V, 
W, X, Y, Z, and for their recognition five specially prepared homologous serums 
were necessary. The more recent study (Boyd, 1938) of antigenic variation among 
mannite-fermenting dysentery bacilli suggests that loss in culture of type-apecific 
antigen, which is not shared by other members of the group, is associated with 
an increase, real or apparent, of non-specific group antigen. A different explana- 
tion of the observations of Andrews and Inman is thus put forward. It seems 
probable that available cultures of the historical Hiss and Russell Y are degenerate 
variants of an original W strain, and that an Indian strain, 103A, is actually the 
type-specific Flexner-Y. This has been found to be fairly common, both in the 
United Kingdom and in other parts of the world (W. M. Scott, quoted by Boyd). 
This work emphasizes the great importance of using type-specific suspensions in 
diagnostic agglutination tests. Stock Flexner-Y strains may on these grounds 
be almost or quite devoid of type-specific antigen. 

The Newcastle bacillus, first recognized as a cause of dysentery by Clayton and 
Warren, corresponds to Boyd’s No. 88. It has now been found in other parts of 
England, India and Nigeria. Owing to the fact that it forms small quantities of 
gas in solution of the sugars and is motile on first isolation, it frequently escapes 
detection. 

Sonne's bacillus {Bacterium dysenteric sonnei) which ferments lactose slowly, is 
responsible for outbreaks of enterocolitis in Egypt and elsewhere (Perry), and may 
produce symptoms of food poisoning resembling those of the Salmonella group. 
The importance of this infection has been recognized in England and in America 
during recent years as a cause of dysentery and diarrhoea of definite seasonal 
occurrence, especially in children. The colonies of this bacillus tend to assume a 
much. more crenated outline than do those of the Flexner type, but are usually 
larger than those of Shiga or Flexner on MacUonkey’s medium. Cultures of 
Sonne's bacillus are not agglutinatcnl by standard Flexner or Shiga sera. When 
titrated against a sjiecially prepared Sonne anti-serum, agglutination to full titre 
occurs. Often, however, when freshly isolated, the bacillarj^ emulsion is in- 
agglutinable, but will abstract the agglutinins from Sonne serum by absorption. 
On MacConkey’s medium, Sonne colonies frequently show a small central point 
of acidity on a somewhat opaque background. Sonne’s bacillus is indol-negative 
and zylose-negative. It ferments glucose and mannite in twenty-four hotirs, 
and lactose and saccharose after some days. Serological varieties and strains are 
now recognized. Though not so toxic as Shiga’s bacillus, Sonne’s bacillus, when 
injected into rabbits, may produce sude^en death. 

Dysentery bacilli can be isolated from the intestinal canal and the 
ine8(*nteric glands. The organisms have also rarely been obtained from 
the bl(X)d-stn^am, gall-bladder and j^mit-effusions. Selec1;ive cultivation 
nu‘dia, especially for Fl(*xner and Sonne bacilli, have been introduced to 
render their isolation easier. The beat is Leifson's desoxycholate-citrate 
medium (Haynes’ modification). 

Apparently both the Shiga and Flexner bacilli are encountered in 
sporadic cases and in some epidemics without a preponderance of any one 
particular type ; but it may be stated that Shiga’s bacillus is more frequent 
in the tropics than in temperate ssont^s, and is responsible for the most severe 
clinical forms of the disease, and consequently for the most virulent epidemics. 

Toxins. — The O forms of Bad, shigee contain both exo- and endotoxins. The 
former is insoluble in dilute triohloraoetio acid, whilst the endotoxin can be 
precipitated from watery solution by means of alcohol or acetone, after removal 
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of the acid by dial 3 r 8 is, yielding 10 per cent, of dry weight of the organisms. 
There are said to be two endotoxin f^tions which are distinguishable by their 
nitrogen content and toxicity. Adsorption is effected by aluminium hydroxide. 
The endotoxin appears to be a large molecule complex of phospholipoid-carbohy- 
drate>polypeptide. The chemical properties of the exotoxin are those of a 
protein. It is thermolabile and its capacity to combine with antitoxin can be 
measured by its flocculation reaction. Formalised toxoid can be prepared from 
it, but not from the endotoxin. Exotoxin can be concentrated by ammonium 
sulphate fr:actionation. The properties of different dysentery toxin preparations 
depend upon origin, strains and methods of preparation (Wagner-Jauregg and 
Helmert, 1942). 

Pathology. — ^The primary lesions of bfwillary dysentery (Shiga and Flexner 
infections) are confined to the solitary follicles of the large intestine, and result 
in a sinuous “ snail -track ” ulceration of the folds of mucous membrane. In 
very acute cases the process consists of intense hypersemia of the large intestine, 
which eventually culminates in necrosis of the mucosa of the entire colon, as 
well as of the last 2-3 ft. of the ileum. Exceptionally, the whole of the mucosa 
of the small intestine may be involved. 

As a general rule, the lesions characteristic of bacillary dysentery are most 
pronounced in the lower part of the intestinal canal, from the sigmoid flexure to 
the anal canal. In the stage of necrosis the large gut is contracted so as to 
resemble a stiff tube, and the mucous membrane is converted into a rigid, 
resistant, olive-green or blackish substance (Plate X, Fig. 3). The colour is 
thought to be due to the staining of the dead tissue by bile-pigments. Occasionally, 
this necrosis may have a patchy distribution affecting especially the descending 
and pelvic portions. There are many signs of acute toxasmia. 

When the necrotic patches have a more local distribution, irregular ulcers, 
often communicating with one another by submucous sinuses, form and may 
involve the entire wall ; such a bowel surface has a fenestrated appearance. 
Inflammatory changes are found in the mesenteric glands, with macrophage 
activity. 

Chronic viceralion of the large gut may occur in bacillary dysentery. The 
sm^lest lesions are lenticular and involve the mucous surface alone. The more 
advanced lesions amount to ulceration of limited tracts of mucous membrane, 
rarely penetrating beneath the muscularis mucosae. Ante-mortem perforation 
of tlm gut may supervene, though it is rare. For the differentiation of these 
ulcers from those of amoebic dysentery the reader is referred to Table VIII, p. 481 . 

These ulcers must also be distinguished from those of tuberculous, typhoid, 
or bilhandal origin, and also of ulcerative colitis. In some chronic cases the 
mucous membrane may be entirely destroyed, rendering recovery impossible. 
Hie gut then resemble a piece of chamOis-leather with interiaoing fibrotic 
strands on the suriQace. 

Mucous retention cysts, due to the formation of pseudo-adenomata from the 
bases of Lteberkiiim's follicles, may sometimes be found as a sequela of bacillary 
ulceration, as first described by the Editor. I^ey may be recognized as jelly-like 
elevations forcing up the mucous surface and scatter^ throughout the length of 
the large gut. '^sentery bacilli may be isolated from their contents, and they 
are present in the large intestine of carriers of badllary dysentery (fletcher 
and Jepps. 

(TmmikilKm iismu . — Many cases of chronic bacillary dysentery acquired in the 
1914»1$ war showed no ulceration, but a granular condltkm of the mucous 
membiue of the large gut. The Unions are distributed, as a rule, irregularly, 
usualfy confined to the lower portion. Ckmaiderable infiltration of the wi^ of 
the gut Is associated with thia ccmdition. As in ulcerative colitis, stenosis of the 




MICROSCOPIC APPEARANCE OF CELLULAR EXUDATE 
IN ACUTE BACILLARY DYSENTERY (Shiga infection). 

Fresh preparation. Shows macrophage cells with ingested red blood- 
corpuscles, intestinal epithelium and polymorphonuclear leucocytes. 
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MICROSCOPIC APPEARANCE OF EXUDATE IN AM(EBIC 

DYSENTERY. 

Fresh preparation. Shows active Entamaba hUtotyliea, some with 
ingested red blood>corpuscles: acicular Charcot>l«yden crystals and 
disintegrated intestinal epithelium. 
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large intestine, either localized or general, may take place as a result. Mixed 
infection of amosbic and bacillary dysentery may be sometimes met. The spleen 
shows congestion of pulp and reticulo-endothelial activity. The kidneys in 
Shiga infections may show patchy glomerular congestion and catarrhal changes. 
In cases of longer duration the kidneys are enlarg^ and the convoluted tubules 
necrosed, with extensive cloudy swelling. Nephritis is often the cause of death 
(Dick, 1942). Emboli in liver and spleen occur. 

Histopathology. — The submucosa is the seat of numerous hsemorrhages 
and of round cell-infiltration (Fig. 66). The ganglion cells of Auerbach’s plexus 
are involved in perilymphatic in^mmation. The formation of macrophage cells 
from the capillary endothelium of the vessels may also be observed. Owing to 
their large size, hyaline appearance, and vacuolat^ protoplasm, these cells, even 
in microscopic sections, are apt to be mistaken for Entamceba histolytica (Plate 
XI). These cells appear in an ^ly stage in acute ulcers and in granulation 
tissue of chronic lesions. 

The pathological appearances of Sonne dysentery are not so well known as are 
those of Shiga and Ilexner infections. The changes are, on the whole, similar, 
but not by any means so severe (Plate X, Pig. 2). 

Symptoms. — After a short incubation period, usually of from one to 
seven days (as ascertained by experiment) the disease begins in a variety 
of ways, suddenly or insidiously, in all degrees of severity from mild 
diarrhcea to an acute fulminating attack. 

The main clinical symptoms are those of inflammation of the large 
intestine, viz., griping, tenesmus, frequent passage of loose, scanty, muco- 
sangiiineoiis stools, often with dysuria. 

The onset may be attended with high or moderate fever, or there may 
^be no rise of temperature. The symptoms may be grafted on to some 
general disease such as scurvy or malaria, or to some chronic disease of 
the alimentary canal, as sprue ; they may assume acute characters, or 
they may be subdued from the outset. As a general rule, the closer to the 
rectum the lesions are placed the more urgent the tenesmus ; the nearer 
the c»cum the more urgent the griping. General constitutional symptoms 
due to the absorption of toxins may be evident. Vomiting may occur 
from the outset or be absent altogether. 

Palpation of the abdomen is difficult during the early stages, owing to the 
rigidity of the recti muscles. Later, especially in toxic cases, the abdomen 
may Imome quite lax and the spastic sigmoid colon can be felt as an 
elastic cord. Implication of other portions of the large intestine can 
usually be detected from tenderness on pressure. 

Blo^ changes , — There are few characteristic blood changes. As a rule, 
there is a polymorphonuclear leucocytosis of 16,000-30,000 at the com- 
mencement of the attack, falling to normal or subnormal on the third or 
fourth day. 

Character of the stools , — ^At first fascal and diarrhoeic, the evacuations 
may vary enormously in number and character. Their number may be 
uncountable, the unfortunate victim being ** glued to the commode.** At 
first they consist of viscid blood-stained mucus, which has been compared 
to ** red-currant jelly ’* or frog*8 spawn,” and are generally odourless. 
The characters by which they may be distii^iished from amoebic faeces are 
given on p. 481. A few teaspoonfuls only may be passed at a time. 
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Subsequently they contain less blood and become more purulent. Finally, 
biliary pigments re-appear and the fsDcal character may be re-established. 

In the most acute and fulminating forms the mucus may contain a large 
proportion of altered blood and the evacuations resemble “ meat washings.” 
WTien necrosis of the mucosa has taken place the stools may be exceedingly 
offensive, grey, and contain much altered blood without mucus. 



Micraicapiad sectl<m of large Intesthie in litclllary dysentery, showing 
necrosis of mucosa, cellular infiltration, and tuemorrhages into snbmncosa. 


On clinical grounds, bacillary dysentery may be classified as follows : 

1. MUd or catarrhal bacillary dy9eniery,---k common history is that for 
some days the P^ont had suffered from what was supposed to be an attack 
of diarrhoea, ^e atools, at first bilious and watery, perhaps four or five 
in the twenty-four hours, bad latterly and by degrees become less copious 
and more frequent, less fiecuient and more mucoid, their passage 
attended by a emrtain amount of straining and griping. 
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At the same time the tongue may remain clean, and there may be no 
accompanying pyrexia. The attack may be over in a week, and the stools 
may not number more than twelve in the twenty*four hours. The majority 
of these mild cases are due to Flexner. Sclimitz or Sonne bacilli. 

2. Acute bacillary dysentery, — In others the onset is much more abrupt. 
Within a few hours dysentery may be in full swing. The stools, at first 
fsBCulent, soon consist of little save blood-stained mucus. Very shortly the 
desire to stool becomes increased, the griping and tenesmus being accom- 
panied, perhaps, by distressing dysuria. Fever, which at the outset 
may have been smart and preceded by rigor, subsides. The face is anxious 
and pinched : the cheeks are high-coloured from a toxic flush. Slight 
delirium and mental confusion may be added to the clinical picture. Thirst 
may be considerable, anorexia complete, and the tongue white or yellow- 
coated. In a week or more the urgency of the symptoms may diminish, 
and the attack tapers off into a subacute or chronic condition, or it may 
end as abniptly as it began (Chart 22). 

3. Fulminxding bacillary dysentery, — These are invariably Shiga infections. 
The attack generally begins suddenly, it may be in the middle of the night, 
with chills or smart rigor, vomiting, headache, and a rapid rise of tempera- 
ture to 100® or even 104® F. Very shortly after the rigor, purging begins, 
the stools rapidly assuming dysenteric characters. In from two to three 
days up to a week or longer, vascular failure sets in with a subnormal 
temperature, and the patient dies, or the toxaemia may be so virulent that 
death may take place before dysenteric stools are passed. The tongu(‘ is 
thickly coated, and other signs of an acute toxaemia are present. The 
abdomen is sunken and acutely tender. The stools rapidly become 
liquid, offensive, and greenish or greyish. Towards the end, neither 
blood nor mucus may be visible in the almost imcountable evacuations. 

A choleraic form, in some respects resembling* cholera, has been noted. 
The onset is acute, with vomiting. Collapse with its attendant phenomena 
sets in early. The stools are liquid, serous, light -coloured, with blood and 
mucus flecks. The temperature is subnormal and death may take place 
within thrive days. 

4. Uelapsing bacillary dysentery, — In a proportion of bacillary dysenteries, 
although the urgency of the initial attack may subside, dysenteric symptoms 
do not completely disappear. The stools may recover their fseculent 



Chart 22.— Bactliary dysentery: 
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character, or may even show some signs of formation, yet they continue 
to be passed too frequently, often preceded by griping, and contain a 
variable amount of muco-pus, with or without blood. Cases of this type 
may be due either to a fresh, or to recrudescence of an old infection. 

5. Chronic hadUary dysentery, — In quite a large proportion of cases of 
acute dysentery the faeces do not become absolutely normal for a consider- 
able time after abatement of the more urgent symptoms. On the slightest 
indiscretion, the old symptoms re-appear, provoking unexpected attacks 
of diamrhcea. For months, or even years, some patients never pass a 
perfectly healthy stool, the unformed motion always containing muco-pus 
and at times blood. Often there is a tendency to scybalous stools, or to 
constipation alternating with diarrhoea. 

Since the end of the 1914-1918 war a type of chronic bacillary dysentery 
has been quite common ; it differs from any previously described. The 
initial attack may have been so mild that it has passed unnoticed, but 
recurrences take place, with passage of blood and mucus, becoming more 
frequent and intense as years go by. Eventually the stools resemble 
those of chronic ulcerative colitis. 

The following varieties may be distinguished : — those with superficial 
ulceration from which the causative organism may be isolated by rectal 
swabs ; those without actual ulceration, but with patches of granulation 
tissue in which cultures are negative ; and finally those with generalised 
mucoidal inflwnmation and deep involvement of the bowel wall. 

The course of these cases tends to be progressive, and, unless 'vigorously 
treated with sulphaguanidine they may terminate fatally. Emaciation 
may be extreme, especially in native races ; an adult may weigh less than 
49 lb. (Fletcher and Jepps.) Considerable anasmia may develop, with 
cardiac failure and dropsy. Death may ensue from exhaustion, or from 
some intercurrent disease; such as tuberculosis or malaria. 

Bacillary dysentery in children. — Infection with dysentery bacilli (Shiga 
or Flexner) in small children, especially Europeans, may produce most 
acute and rapidly fatal symptoms. They may die in convulsions before 
the intestinal symptoms have had time to develop. The cases may 
resemble meningismus, and at the onset, on account of pyrexia and 
toxaBmia, simulate enteric infections. 

Poet-dysenteric ascites, — Megaw is of the opinion that the ascitic which is 
so common in most hospitals in India is a sequel to bacillary dysentery. 
When bacillary dysentery ir not treatcMl, or is improperly handled, the 
dysenteric toxins pass thmugh the intestinal wall and set up an irritative 
peritonitis which is followed by fibrosis of the peritoneum. The result is 
ascites, which, according to Snapper, may be associated with liver cirrhosis. 
Massive serous intraperitoneal effusions, which may prove fatal, have been 
recorded from the Middle East. 

Symptoma of Sonne dysentery.— In most cases mild attacks of 
dys^teriform diarrhoea are the rule. The faeces are greenish, or yellowish 
and offensive, with blood-flecked mucus from which the organism may be 
coltored. In the more acute attacks the symptoms more closely resemble 
those of Flexner dysentery, with sudden onset of colic, dmrrhosa and, later, 
blood and mucus. Sometimes, however, they are still more acute, 
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with pyrexia and vomiting, and may assume an alarming aspect 
reminiscent of salmonella infections. The;i “ tomato soup ” stools are 
passed, followed by rapid prostration. Sonne infections are usually 
pyrexial at the time of the abrupt onset, but in the milder cases the fever 
is slight and transient. A feature is associated catarrh of the respiratory 
tract with diarrhoea. Rhinitis may precede the abdominal symptoms. 
Acute Sonne infections in children up to nine years of age may cause 
sudden death. Some observers believe that in this instance the symptoms 
are produced, not so much by the organisms, as by their toxins in con- 
taminated food, which forms a favourable medium for their propagation. 
In mental institutions Specially Sonne infections are apt to attack the 
inmates. 

Cruickshank and Swyer found that, by repeated examination of faecal 
specimens and rectal swabs, Sonne’s bacillus could be isolated in most 
cases, and that the latter method gave a higher proportion of positive 
results. The Sonne bacillus persists in the intestine in a gradually de- 
creasing proportion of cases after subsidence of the acute manifestations. 
Thus, the convalescent carrier becomes an important reservoir for its 
spread. Three consecutive negative laboratory reports should be obtained 
l)efore the patient is released from hospital. 

Predisposing causes. — Bacillary dysentery is especially apt to attack 
those who are in an enfeebled state owing to starvation, unsuitable 
dietary, physical exhaustion or exposure, or whose health has been under- 
mined and resistance lowered by some chronic disease such as malaria, 
tuberculosis, scurvy or enteric. In the feeble-minded, in very yoimg 
children, in the aged, and in pregnant women, bacillary dysentery is apt to 
assume a serious toxic aspect. Young children usually show pronounced 
symptoms of tox»mia, and die in convulsions or in coma. 

Gomplicatloiis. — Dysenteric arthritis ^ or dysetUeric rheumatism r has long 
been recognized in India. Effusions into the cavity and ligaments sur- 
rounding the joints, especially the knee and ankle, may take place during 
the acute stage, or, more generally, during convalescence when the stools 
are fseculent (Fig. 67). It may be common in some Shiga epidemics, 
absent in others. Considerable pyrexia is usually present. The con- 
dition may last a considerable time, but usually clears up without leaving 
defonnity, though, exceptionally, permanent disability may result. 
According to Oraham, complete recovery eventually ensues, even after 
arthritis has persisted for six months. Aspirated synovial fluid is sterile,^ 
but agglutinates dysentery bacilli (Klein) in a titre considerably higher 
than that given by blood-serum. This condition has to be distingui^ed 
from fugitive serum-arthritis, such as sometimes occurs after injection of 
anti-dysenteric serum, and also from acute rheumatoid arthritis. 

Eye complications. — Acute conjunctivitis and iridocyclitis are now 
regarded as symptomatic of dysenteric toxasmia. The former is frequently 
seen in association with arthntis, whilst iritis supervenes in a sm^ per- 
centage of cases. The pupils are irregular in outline, with ring synecM®. 
There is also anterior uveitis, with adhesions to the capsule of the lens, 

^ SUga't bAoUluf bM been ttolated from the fluid In one instance (Biwokhjr). 
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formed by a thin exudate occupying the pupillary space, causing photo- 
phobia, blepharospasm and marked circumcorneal hypersBinia. The 
aqueous humour has been found to agglutinate Shiga’s bacillus, though 
the tears do not contain specific agglutinins. That the eye and joint com- 
plications are due to the dysenteric toxin is indicated by experimental work 
on animals. This shows that the filtrates of Shiga cultures, when injected 
intravenously, produce iritis and arthritis, as well as local lesions in the 
caecum. 

Other coviplicaiions. — Parotitis, unilateral or bilateral, has been often 



Fig. 47.— Arthritis of hands and knees in bacillary dysentery. 


observed. Intussusception of the small intestine has been found in children, 
and in acute cases may cause death. 

During the present war in the Middle East the list of complications has 
been amplified to include intestinal haemorrhage, perforation with 
peritonitis, chronic peritonitis with localized or general effusion of peritoneal 
fluid, pneumoperitoneum, portal pyaemia with multiple liver abseefises, 
thrombosed piles, rectal prolapse, periplieral circulatoir failure in toxic 
cases, renal failure in Shiga infections, pneumonia, and diffuse pui^uric 
rashes. Non-specific urethritis is now also recognised. 
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Benal failure which has clinical resemblances to that found in traumatic 
anuria (cnish injury) results from various factors, in which dehydration and 
toxaemia play a part, loading to reduced glomerular filtration and degenera- 
tive changes in the tubules. The urine contains granular casts and 
albumin, so that azotaemia and oliguria ensue, and may end In uraemia. 

Sequelae. — Stenosis of the large intestine may result from an acute 
attack. Pain and abdominal discomfort may indicate abdominal adhesions 
which are an occasional sequel. Rarely, megacolon may, apparently, be 
produced. Mucous colitis frequently persists for years. Peripheral 
neuritis of the legs may follow bacillary dysentery. Post-dysenieric 
tachycardia, or effort syndrome, a condition of irritabh* heart, may 
persist long after dysenteric symptoms have disappeared. Achlor- 
hydria, rarely achylia yastrica, may be responsible for digestive troublt^s 
which may follow dysenteric infections. 

Bacterium coli infections of the gen i to- urinary tract frequently com- 
plicate chronic bacillary dysentery as the result of the specific kidney 
lesions productni by dysenteric toxins. This possibly is the explanation 
of the comparative frequency of this infection in troj)ical residents. 

Bacillary -dysentery carriers. — The “ carrier question ” in bacillary 
dysentery is probably not so serious as in typhoid, as the bacilli remain 
confined to the intestines and to the mesenteric glands. 

There an» many circumstances which render the “ carrier state in 
biicillary dysentery difficult to detect. Dysentery bacilli, as a rule, are 
scarce and likely to twape deU*ction in a faical stool, though with improved 
methods of isolation by d(‘8oxycholate agar, the carrii^r rate has bei'ii 
found to be about 10 per cent. It is probable that carriers are the starting- 
point of an epidemic. The majority an* “ corwaleMent carriers,'' a term 
which implies that the patients have incompletely recovered, and continue 
to pass blood and mucus and dysentery bacilli in their stools. There is no 
evidence that the gall-bladder acts as a r(*serv\»ir, as in ty|)hoid ; or that 
the “ carrier state ” persists for any great length of time. The organisms 
continue to live in mucous retention cysts in the intestinal mucosa, in 
colU^tions of pus from beneath the scars of ulcers or beneath their edges. 
The maximum period that this carrier state can last is about three years. 

Carriers of Flexner bacilli are much commoner than those of Shiga. 
Generally, the Flexner carrier is in good health, while the Shiga carrier 
is more or less an invalid. 

Bonietinu*s bacillary inflammation or ulceration is localized to the lower 
rectum (granular rectitis). These patients pass blood aiKhmucus in their 
stools, though otherwise in good health. The bacillus may be isolated, by 
im^ans of rectal swabs, a year or more after the initial attack. Fortunately 
they are easily cured by sulphaguanidine {see p. 482). 

Mioroecopio examination of the fasces usually affords little assistance in these 
cases. The chances of isolating the specific bacillus are considerably increased 
by making oulturos direct from the mucosa by rectal swabs, or from scrapings 
of ulcers obtained through the sigmoidoscope. 

Dysentery bacteriophage.— D’Herelle observed that filtrates of con- 
valescent dysentery stools developed the property of clearing broth cultures of 
Shiga’s bacillus, but when a few drops of filtrate were added to a fresh culture, the 
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bacilli were again dusolved, and that this process could be repeated indefinitely. 
Shiga's bacillus was first recognized as susceptible to bacteriophagy. The 
bacteriophage consists of ultra-microscopic particles measuring 20-30 Many 

races of bacteriophage are yirulent for Shiga's bacillus, but that obtained &om 
Flexner bacilli is Active solely for the homologous organisms. Bacteriophage has 
been isolated from the stools of patients convalescent from acute and mild 
bacillary dysentery. It appears probable that improvement in the clinical 
condition coincides with the increased bacteriophagic potency. Dysentery 
bacteriophages have been prepared for therapeutic use. 

Diagnosis. — Difficulty in the diagnosis of bacillary dysentery on clinical 
grounds is mainly confined to the milder forms. Whenever possible, a 
confirmatory laboratory diagnosis shbuld be carried out. 

The possibility of malaria in the course of bacillary dysentery should 
always be borne in mind. The concurrence of a subtertian malaria with 
bacillary dysentery may be particularly serious. 

A tentative diagnosis may be made from a microscopic examination of 
the celhdar exudate in the stools by the method known as cyto-diagnosis. 
For this purpose the specimen should be procured fresh from the patient 
and as early as is possible in the disease. The characteristic feature 
of the bacillary stool (Plate XI), is the preponderance of swollen poly- 
morphonuelear leucocytes, with distinctive ring-like nuclei, which con- 
stitute over 90 per cent, of the total cell elements in the stool. The 
examination should be conducted with a J-in. lens and a low ocular ( X 2). 

Macrophage cells {histiocytes). — These cells, sometimes 20-30 ft in diameter, 
are derived from the endothelium of the capillary vessels. They may be 
round, oval, or even bilobed. They are hyaline, and contain in their 
substance vacuoles, fatty granules, ingested red blood-corpuscles, or even, 
occasionally, leucocytes. They are non-motile, but, owing to their 
phagocytic activities, are apt to be mistaken for Entaviceba histolytica. 

lie differential-cell picture in dysenteric exudates has been distinguished 
by Alexeieff as a “ pyogram.*' In amoebic dy^jentery f»ces the cellular 
elements are few and mononucleated ; in bacillary dysentery, numerous and 
polymorphonuclear, with pseudopyknotic nuclei. 

It is important that the significance of macrophage cells in bacillary dysentery 
stools should be emphasized. Willingness to dispose amcebic dysentery is 
very pronounced in almost every tropical country. It is roost important that 
pathologists should acquaint themselves with the appearance of inflammatory 
cells in the fasces, as well as with the different stages of the dysentery amoeba, 
before an expert diagnosis is given. The main features of the cyto-diagnosis of 
dysentery stools were pointed out by the Editor in 1912 and this method was 
practised throughout the 19]4-)918 war, since when, especially in recent 
epidemics, its value has been amply confirmed. 

Enlamceba coli and flagellate protozoa {Chilomastix and Trichomonas) 
may be seen in considerable numbers in a bacillary-dysentery exudate, 
especially during the convalescent stages. Some difficulty may be ex- 
perienced in differentiating E. coli from E. histolytica in bacillary-dysentery 
stools. 

IsdaUon of the dysentery hociHiis.— The stool should be collected in a bed-pmi, 
which should contain no disinfectant, and the patient should be waimd agidnst 
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passing urine. A portion of freshly^passed blood and mucus should be picked out 
by a platinum loop, and, if soiled with faBces or urine, should be rinsed in 5 c.c. 
of distilled water or normal saline solution. The earlier in the illness, the easier 
it is to isolate the dysentery bacillus. It is, as a general rule, difficult when the 
dysentery has lasted five days or longer. Faeces despatched for laboratory 
examination through the post, or by messenger over long distances, should be 
emulsified with a double volume of buffered glycerol Saline — 1 part of glycerine 
to 2 parts of saline, buffered by the addition of 5 per cent, acid sodi phosph., at 
pH8. The mixture is tinted with phenol red so that any change in acidity can 
be detected. Dysentery bacilli are very delicate, and never occur in great 
numbers, even in a fre^y-passed stool. The mucus, or two loopfuls of the 
suspension, should be spread, in a spiral manner, somewhat thickly, upon a 
MacConkey agar plate, or, better, on desoxycholate citrate agar, which inhibits 
to some extent the growth of Bact, coli. The plate should be incubated at 37° C. 
in an inverted position for eighteen hours, when the small blue transparent 
colonies can be examined with a watchmaker *8 lens. As a rule, Shiga colonies 
are more refraetile and of a more regular outline than are those of the Flexner- Y 
group. It is a good plan to hold a piece of dark paper against the back of the 
plate to make their recognition easier. 

Identification of the colonies may be carried out as follows : four or more 
should be picked o^ with a platinum spud and transplanted on \o agar slopes, 
and, after further incubation, these subcultures should be emulsified and tested 
in high dilutions against Shiga and Flexner sera in agglutination tubes. The 
macroscopic method is usually employed, or the test may be performed on a 
microscope slide or on the agglutinometer. By means of a capillary pipette, drops 
of bacillary emulsion are placed together with an equal quantity of specific sera 
diluted to 1 in 50. The resulting ddution will then be 1 in 100. After oscillation 
for three minutes, should the reaction be positive, snowfiake agglutination occurs. 

After these measures, diagnosis may confirmed by inoculating subcultures 
of the organism into the sugars (Table VII, p, 468). Direct culture by the rectal 
swab method offers obvious advantages and results in a higher proportion of 
positives. 

I^okUim of the dysetUery baciUtis post mortem , — The bacillus can be isolated 
from the acutely inflamed mucosa by washing the canal free from intestinal 
contents and scraping off the blood and mucus with a platinum loop, but from 
necrotic mucosa this is by no means easy. In this case the surface must be 
first seared with a hot knife or glass and incised, and material for culture obtainecl 
with a platinum loop from the bottom of the incision. 

Serological diagnosis, — This is of little value as an aid in the early stages 
of the disease, or in the very acute or rapidly fatal types in which it is so 
important to arrive at an accurate diagnosis. The sera of some patients, 
proved to be suffering from bacillary dysentery by isolation of the specific 
organisms from the stools, may give negative agglutination' reactions. 

For the diagnosis of Shiga infections in convalescent or chronic oases, positive 
agglutination of over 1 in 25 should be obtained. In Flexner infections an 
agglutination of 1 in 100 indicates positive diagnosis. Davies found dysenteric 
agglutinins were present in dysenteiio stools, even when absent from the serum 
of the patient, especially during the first week. Blood and mucus from the 
fresh exudate are shaken up with normal saline, filtered and put up for agglutina- 
tion in the same way as serum. 

Serological diagnosis may be of considerable assistance in chronic 
bacillary dysentery, where high-titre agglutinations are sometimes obtained, 
f^pecially with emulsions of the pooled Boyd strains of Flexner bacilli. 
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Serological diagnosis of Sonne dysentery by the agglutination test is 
also somewhat unreliable, and appears to depend, to some extent, on the 
strain of organism employed as antigen. 

An intracutaneous test for Shiga dysentery, with Shiga toxin, was 
introduced by Brokman (1928). A negative reaction is dia^ostic of 
infection. Dreyfuss (1944) used a Plexner. vaccine (5 million bacilli), which 
gives a cutaneous reaction in positive cases. 

Sigmoidoscope examination , — Sigmoidoscopy reveals pathological changes 
in the colon and therefore plays an important part in the differential 
diagnosis of the dysenteries. It is especially useful in chronic cases, and 
should be employed wherever practicable. For preparation of the patient, 
a cathartic of J oz. of castor oil is given : the following morning the bow(d 
is cleared out by a warm-water enema. If the patient has acute diarrhfea, 
omission of castor oil is advisable, though in any case it should not be 
given later than 2 p.rn. on the day preceding examination. It is advisable 
to give iO-15 min. of tincture of opium half an hour before in order to 
render the rectum less sensitive. The mucous membrane of the rectum is 
replaced by granulation tissue with surrounding hyperaemia, and has a 
characteristic appearance resembling the cortex of a granular kidney ; at 
the same time infiltration of the bowel can be detected (Plate XIII). 
Superficial oval or circular ulcers, up to 1 era. in diameter, are also seen in 
the chronic stage, and sometimes even pseudopolyposis of granulation 
tissue. In the healing stage the mucous membrane is rose-pink and 
slightly nodular. Widespread superficial pitting at the site of former 
ulceration is characteristic and it is possible by this feature to state 
definitely that the patient had suffered from bacillary dysentery. The 
passage of the instrument is attended by pain due to stretching of the 
bowel wall. This is almost diagnostic, as in amcebic ulceration it is 
usually painless. 

Differential diagnosis of the dysenteries will be dealt with on p. 625. 

Pro^osis depends very much upon individual susceptibility and 
physical condition. In the jails of India, In fact throughout that country, 
though bacillary dysentery is widespread, the case-mortality is very small. 
In many thousands of cases among British troops in the 1914-18 war, it is 
doubtful whether it at any period rose above 5 per cent. Epidemics in 
native races have been recorded where the mortality was over 28 per cent., 
and others among debilitated Solomon Islanders in which it was 47 
per cent. Prognosis is unfavourable in chronic cases, especially in poverty- 
stricken, malaria-infected, half-starved natives. 

Treatment. — The patient should be placed in bed on the appearance of 
the first signs, and should on no account be permitted to get up in order to 
pass his motions. A bed-pan should therefore be employed wherever 
nureing facilities are available. In the choleraic or fuh^ating cases in 
which the passage of stock is incessant, and the physical exhaustion con- 
sequently very great, it may be advisable to dispense with a bed-pan 
altogether. The patient should then be placed upon a waterproof slieet writh 
a gamgee dysent^ pad. For this purpose the attendant, for self-protec- 
tion, should wear rubber gloves, as the discharges are hi^ly infectious. 

The stock should be periodically inspected, for by mcse, supplemented 
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TABLE VIII 

Diagnosis between Bacillary and Amcebic Dysentery 


BACILLARY DYSENTERIES 
Acute diseases with a tendency to 
epidemic spread. “ Lying down 
dysentery.” 

Incubation period short, 7 days 

Onset acute. 

Pyrexia common. 

(burse days or weeks. 

Complications : Polyarthritis frequent ; 
eye complications. 


Death due to — 

(a) Exhaustion. 

{b) Toxsemia. 

(c) Glomerulonephritis. 

Signs : Tenderness over whole ab- 
domen, more marked over sigmoid 
flexure. 

Tenesmus very severe. 

Pathology : Acute diffuse necrosis of ! 
mucous membrane of large intestine, | 
due to dysenteric toxins. 

Ulcers : When present, on free edge of 
transverse folds of mucous membrane 
and distributed transversely to long 
axis of gut. 

Serpiginous in outline, with ragged 
undermined edges, often communica- 
ting with neighbouring ulcers ; bases 
consist of granulation tissue. 

Intervening mucous membrane hyper- 
fiemic.Ulcers rarely perforate.No com- I 
pensatory thickening of bowel- wall. ' 

Stools : Scanty ; many in number. 
Bright blood -red, gelatinous, viscid 
mucus, odourless, resembling red- 
currant jelly. 

Reaction : AlkaUne. I 

Microscopic picture : Numerous red 
cells ; polymorphonuclears numer- 
ous, with clear-cut ring nuclei. 
Macrophage cells. Few . micro- 
organisms visible (Plate XI). 


Blood examination : I.ieuoocytosis in 
the early stages. 

32 


! AMGBBIC DYSENTERY 

I A chronic endemic disease. “ Walk- 
ing dysentery.” 

Incubation period long, at lesist 20-90 
days ; it may be more. 

Onset insidious. 

I Pyrexia rare, unless complicated. 

I Course usually prolonged for years. 

I Complications : Hepatitis, abscess of 
! liver ; abscesses more rarely in other 
j situations. Pericolic abscess. Amoe- 

j bic infection of skin, 

j Death due to — 

(а) Exhaustion. 

(б) Perforation. 

(c) Haemorrhage. 

(d) Liver abscess. 

Signs : Local tenderness and thicken- 
ing, mostly over sigmoid flexure, 
transverse colon, and caecum. 

Tenesmus not usually noted. 

Pathology : Local lesions confined 
solely to the large intestine, due to 
the characteristic ulcers. 

Ulcers : Commence as small abscesses 
of submucosa in long axis of gut. 
” Flask-shaped ulcer,” or Bouton en 
chemise^ ” sea anemone ” ulcers. 

Oval, regular, flaisk-shape in sectipn, 
involving all coats ; baises consist of 
necrotic black tenacious sloughs 
(” Dyak-hair ” sloughs). 

Not uncommonly perforate ; compen- 
satory thickening of bowel-w'all. In- 
tervening mucous membrane normal. 

Stools : Fajoes intermingled with blood 
and mucus, resembling anchovy 
sauce (sago-grain stool). Offensive, 
smelling of decomposing blood ; 
generally copious. 

Reaction : Acid. 

Microscopic picture : Red cells nu- 
merous and in clumps, polymor- 
phonuolears damaged, often extruded 
nuclei. Macrophage cells scanty. 
Large numbers of motile bacilli and 
Eniamosba generally with 

ingested red cells. Charcot-Leyden 
crystals common (Plate XU). 

Blood examination : Usually a mod- 
erate leucocytoeis throughout. 
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by the appearance of the tongue and the general condition of the patient, 
the progress of the case can best be ascertained. 

Attention should be paid to the diet, which should be nutritious and 
easily assimilable, leaving as little residue as possible. Nothing but water 
shoidd be given for the first twenty-four hours. The best diet is one con- 
sisting of tea, jellies, albumin water, rice water, chicken soup, beef tea, 
Brand’s essence, arrowroot, Horlick’s, Bengers, sago puddings, any of which 
may be given at two-hourly intervals in small quantities (6-10 oz.), 
slightly warmed, at each feed. Non-residue diet should be instituted when 
blood and mucus have disappeared from the stools. Treatment should be 
preceded by a mild purge, the most suitable being sodium or magnesium 
sulphate. The routine treatment with saline aperients was once almost 
universally employed, but is not now recommended, especially in dehy- 
drated cases. 

Sulphaguanidine (p-amino-N-guanylbenzene sulphonainide) is a guani- 
dine analogue of sulphapyridine. It was first prepared by Buttle and 
colleagues, though Marshall and others described its chemical constitution. 
It exerts a bacteriostatic effect on various bacteria in vivo and infra. It is 
moderately soluble in water, insoluble in strong alkali. 

High concentration can be obtained in the intestine associated with low 
concentration in the blood (2-5 mgm. per 100 c.c.) and tissues. Urinary 
excretion is three times as rapid as that of other sulphonamides. Although 
sulphaguanidine may be excreted as crystals, no renal complications 
have so far been reported. The drug is undoubtedly less toxic than other 
sulphonamides. The toxic reactions observed include headaoht*, malaise, 
purpuric skin rashes, mild pyrexia and ansBinia. Agranulocytosis or 
jaundice have never been observed. 

The dosage of sulphaguanidine in acute bacillary dysentery is : an 
initial dose of 0*1 gnu. per kilo (or gr. to the stone (14 lbs.) body weight), 
a maintenance dose of 0*05 grm. per kilo four-hourly for the p<*riod during 
which the number of stools exceeds five per day, and a further maintenance 
dose of 0*05 grm. per kilo every eight hours until the stools have been 
normal in number and consistency for two days. Duration of treatment 
should not exceed fourteen days. If necessary, the Cijurse may ho repeated. 
In chronic bacillary dysentery larger doses are necessary : 0*1 grm. per kilo 
every eight hours for the first five days, followed by a dosage of 0*05 grm. 
every ei^t hours for another five days ; this may be repeated in fourteen 
days. Ihe total dosage in acute cases varies from 18 to 850 gnn. ; the 
average effective dose in acute cases is about 180 grm., sometimes between 
100 and 200 grm. In less acute cases the dose sho^d be 18 gnn. in the first 
twenty-four hours, administered in 6 grm. doses three times daily and 
subsequently 8 grm. three times daily for five days. 

The effects may be judged by the change in the patient’s general con- 
dition and the improvement in the stools which, in most cases, become 
porridgy and fiecal in forty-ei^t hours. A diminution in temperature, 
pain and toxiemia take place within twenty-four hours. The mortality 
rate, in the vary extensive series so ffur report^ upon from the Middle Bast 
is less than 1 per cent. Succin^l sulphatbiazole (sulphasuccidine) appears 
to he equally effective, accordmg to Poth and colleagues, especially for 
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children. Sulphapyridine and sulphamethazine in maximal doses are 
also curative, but are more depressing and much more toxic. According to 
Fairley and Boyd, sulphaguanidine treatment should be combined with 
preliminary dosage with magnesium and sodium sulphate and, after two 
hours, with gentle colonic lavage with one pint of normal saline. 

The indications for sulphaguanidine treatment are : cases of proven Shiga 
dysentery, or other infections with dysentery bacilli with frequent dysenteric 
stools, toxaemia and dehydration ; cases with collapse, profuse vomiting 
and choleraic stools ; all cases over 40 years of age, and those who develop 
acute bacillary dysentery in the course of some other illness. Very large 
doses of sulphasuccidine can be given with safety, and it is apparently even 
more effective than sulphaguanidine. 

Opium , — Either by the injection of morphia or in solution, opium is 
indicated as a means of promoting sleep and relieving pain, if very severe. 

Bolus alba (kaolin ), — As a means of checking the diarrhoea and of 
eliminating the dysentery toxins in the intestinal canal, a mixture of 
animal charcoal and kaolin has been utilized in Germany and in Austria ; 
the powder should be given suspended in water in doses of three tea- 
spoonsful every few hours. Crooke’s collosol kaolin has much the same 
effect. 

Anii-dysenferic serum , — Since the introduction of sulphaguanidine the 
value of antidysenteric serum has been discounted. It is now employed 
principally in toxic Shiga cases. Refined anti-Shiga serum, prepared 
by the Pope* process of partial peptonization containing 20,000 International 
Units per c.c., is given intravenously in doses of 5 to 10 c.c. and may be 
repeated daily. The anti-toxic effects appear to be transient. It is best 
combined with sulphaguanidine therapy. No serum reactions have been 
observed with this new preparation. 

Bacteriaphage treatment , — Recovery from an acute attack of bacillary dysentery 
is connect^ with production of a corresponding amount of bacteriophage in the 
intestinal canal. A potent anti -Shiga phage has been prepared by d’Herelle, 
Morison, and others, but it is particularly difficult to obtain accurate statistics on 
the efficacy of this treatment. This phage is distributed in ampoules in quantities 
of 2 c.c. The patient takes three ampoules by the mouth daily, or it may also be 
injected per rectum. Whenever this method has been subjected to critical 
analysis, as in the Middle East during the present war, the results have not been 
conclusive, although it appears to have acquired a reputation in Egypt. 

Belief of pain , — During the early stages of an attack thp patient may 
suffer much from ^ping and tenesmus. IlieBe are generally relieved by a 
hot bath, hot fomentations, or turpentine stupes, three or four of which 
may be sewn into a piece of flannel and laid on the abdomen. This 
application has the advantage of being very light, of not wetting the 
clothes, and of keeping w«mn for many hours. Tenesmus and dysuria are 
best relieved by hypodermic morphia ; by an enema of a wineglassful of 
thin starch containing 40 or 60 drops of tincture of opium ; or by sup- 
positories of morphia and cocaine. Washing out the lower bowel with a 
pint of hot water, with or without boric acid, is sometimes effectual in re- 
moving for a time, or, at oil events, mitigating, the incessant desire to go 
to stool and to strain. Bismuth carbonate, 2 dr,, with tincture of opium, 
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80 min., and thin starch, 2 oz., is also a good sedative enema. Painful 
colic or peristaltic action may be counteracted by the folloi^ing mixture : 

B Tinct. beUadonnie . . . . Htvii (0*414 c.o.) 

Pot. brom. ...... gr.x. (0*648 grm.) 

Tinct. chlor. et morph, co. . . . 1l\x (0*692 c.c.) 

Syrup, aurant. . . . . -31 (3*66 c.c.) 

Aq. menth. pip. ad ... . 5®® (14-2 c.c.) 

Ft. mist. 5 88 t.d.8., p.c., vel p.r.n. 

CoUapse from dehydration and vascular failure may occur at almost any 
stage. An attempt should be made to restore the balance by the intravenous 
injection of large quantities of saline and glucose. Blood and plasma 
transfusions have been employed in these cases with striking benefit during 
the present war. 

Vomiting and hiccough in severe cases should both be regarded as 
serious. 

Treatment of complications. — Arthritis is best treated by application 
of Scott's dressing, radiant heat, or sand-baths at 45'"-60° C. 

Sulphaguanidine treatment appears to he specially efficacious. 

WTien tlie joint is greatly distended the excessive fluid may be aspirated. 
Iritis is treated by atropine, the use of an eye-shade and the usual measurt^. 

The treatment of chronic bacillary dysente^ has been radically 
altered since the introduction of sulphaguanidine, which should be given in 
full doses over a prolonged period of fourteen days or longer. Fairley and 
Boyd, by periodic sigmoidoscopic examination, observ’ed healing of 
chronic ulcers, and even those with exuberant granulations and pseudo- 
imlyposis appear to do well, but it is often necessary to repeat the course 
of sulphaguanidine. In refractory cases it may be necessary to inject the 
sulphonamide by retention enemata, in doses of 7-10 grm. daily, suspended 
in water and mucilage (7-10 ounces). This medicated enema is retained 
from three to four hours. 

Moro*8 apjAe dietary has been used extensively in chronic dysentery in Ger- 
many, both for adults and children ; twenty or more apples made into a pur6e 
are eaten daily. A preserved apple powder, Aplona,^ is made in Switzerland. 
In grave cases nothing besides Aplona is given for three days. The dose for 
adults is 1-1| oz. (3^ oz. of Aplona = 360 calories), and the amount required for a 
day is divided into portions, each of which must be freshly prepared with boiled 
water at drinking temperature, or with weak tea, 60-120 gr. to ^ pint of liquid. 
It must not be brought to boiling point and no sugar should ^ added, but 
saccharine may be substituted. AJ^r the third day it may 1^ added to gruel or 
milk, being first mixed as a smooth paste with water. 

Surgical treatment of chronic badUary dysentery, — Whan less heroic 
meth(^ fail, and the patient’s condition is slowly but progressively 
deteriorating, right inguinal colostomy offers a reasonable chance of 
success. More usually, appendicostoniy is perfonned. The cascum and 
colon may now be wa^ed out with normal saline, or with an astringent 
solution, such as tannic acid (2 per cent, solution), through the appendix, 
as frequently as desired. For this purpose a No. 8 rubber catheter with a 

* Sold hy OfmUm «iid Ooofior, SI Oerkenwell Rond, Londem, K.C.I. 
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copper stylet, and rectal tube with an outflow tube are used. The patient 
should lie on his back ; but should the cascurn get distended and the fluid 
fail to pass freely, turning on the left side will restore the flow. 

Coecostomy and ileostomy . — In oases with pseudopolyposis of the mucous 
membrane and incessant distressing blood-stained diarrhoea, the operation of 
valvular caecostomy should certainly be given a trial. The results have been 
successful in some cases which were incurable by other means. A Paul’s tube 
is first inserted into the caecum and the faeces are allowed to escape through 
it, thereby placing the whole of the large intestine at rest. Then an efficient 
opening is made. The lower bowel may be washed out daily with boric acid 
solution, and the opening may be closed at some subsequent period, after the 
large bowel has been permitted to rest for three months or more ; complete 
recovery of the mucous membrane has been observed by sigmoidoscopic examina- 
tion. A colostomy bag is fitted. The patient may be sent to convalesce and 
encouraged to consume plenty of fresh eggs, milk and fruit. One- barrelled 
ileostomy is sometimes preferable and is recommended by some surgeons. The 
indications here are the same as in ulcerative colitis, but it condemns the patient 
to a permanent colostomy belt and other disagreeable sequelae. 

Ispaghtda . — The boat-shaped seeds of PlarUago ovala have acquired a popular 
reputation in the treatment of chronic dysentery in India. The seeds are either 
chewed, when a gelatinous substance exudes which acts as a demulcent, or the 
pericarp is made into a paste. If taken in 1-dr. doses three times daily, it has a 
soothing effect. Singh recommends a fresh decoction prepared daily by boiling 
two drachms of the seeds in one pint of w^ater, and subsequently straining. 
Chopra has shown that these seeds contain a glucoside aucubin. The mucilage 
which exudes from the seeds is acted upon by the digestive enzymes and coats 
the inflamed mucosa. 

Prophylaxis. — The prophylaxis of bacillary dysentery consists 
principally in securing a pure waiter supply and in avoiding unwholesome 
and contaminated food ; also in eliminating Hies from latrines and in 
protecting food against them. In barracks, camps, lunatic asylums, and 
other public institutions, bacillary dysentery should be regarded as an 
infectious and readily commuiucable disease, and therefore patients 
suffering from mild symptoms, or even looseness of the bowels, should be 
isolatt^d. 

To prevent the spread of bacillary dysentery in closely crowded com- 
munities, it is important to recognize, as early as possible, all carriers and 
mild cases wliioh might otherwise escape recognition. Cunningham and 
oth(*rH have pointed out that, in the prevention of the spread of bacillary 
dysentery in jails, it is essential that the stools of the inmates should be 
inspwted daily. Any inmate foimd passing blood and mucus, even in 
small quantities, should be regardt^l as potentially infectious and as 
p(»S8ibly constituting a carrier of the disease. 

The ireatmerU of carrier^.— The .chronic carrier has in the past been 
difficult to treat effectivily, but sulphaguanidine has transformed the 
situation. It is recommended that this drug should be given in maximal 
doses for periods of 5- 7 days, though it is usually necessary to repeat the 
course. For the drug to exert its maximum action, the fteces must be 
Kept as fluid as possible by means of sodium or magnesium sulphate. 
Carriers of Sonne’s bacillus appear to be especially difficult to cure. 
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Prophylactic irioculaiions, — The Japanese workers, and later Gibson in 
England, introduced an inoculation by which the toxic effects of the 
bacillus are neutralized by a potent anti-Shiga serum, resulting in an almost 
complete absence of reaction. The vaccine and serum (sero-vaccine) are 
enclosed in twin phials, the bacillary emulsion being contained in one arm, 
the serum in the other. The first dose was 0*25 c.c., containing 500 million 
Shiga organisms mixed with 0-1 c.c. of serum ; the second dose, given 10 
days later, contained 1,000 million organisms with 0*2 c.c. of serum. 

The results were distinctly in favour of this method of protection. 

A similar prepcn*ation was used in Germany and in Austria as “ Boehncke's 
DyMiakia,"* Besredka produced an antidysenterio bihvaccine consisting of dead 
dysentery bacilli with the addition of bile. The technique is to give on three 
successive days before breakfast a dose of bile, followed by a pill containing the 
desiccated vaccine. 

Blanc and Caminopetros employed intramuscular inji^ctions of living 
vaccines consisting of 4-6 thousand million dysentery bacilli, and found that 
they caused slight reactions which resolved three or four days later. They 
concluded that there is no particular danger in using living vaccines. 

Trials are being made with preparations containing dysenteric endo- and 
exotoxins, and al^ phenol-extracts of the O antigen of B, Shigce ; this latter 
excites the appearance of specific agglutinins in the serum after inoculation 
(Morgan and Schutze). 

II. AM(EBIC DYSENTERY AND AMtEBIASI 8 

Definition. — Amoebiasis denotes infection witli the protozoon, Enta- 
nweba histolytica. When confined to the intestinal canal it produces 
atncMc dysentery, or primary intestinal amoebiasis. This is insidious in 
its onset, chronic in its course, and with a marked tendency to relapse. 
When metatastic lesions are produced in the liver and elsewhere it should 
be known as secondary, or hepatic amaSnasis. 

Geographical distribution. — Amoebiasis occurs to a greater or lesser 
degree throughout the tropics and subtropics. During recent years 
sporadic indigenous cases have been found in' Northern Europe (Russia, 
Norway and Germany) and even, rarely, in Great Britain. Specially 
prevalent in India, Indo-China, China, and the Philippines, it is common 
tliroughout North and Central Africa, widespread in the Southern United 
States, South America, and the West Indies. 

Epidemiolo^ and endemiology. — A disease of insanitation, not 
necessarily requiring tropical or subtropical conditions for its propagation, 
amoebiasis aris^ sporadically without seasonal prevalence, but does not 
usually occur in epidemic form in the same manner as the bacilla^ 
dysenteries. Wenyon and O’Connor have shown that the cysts of E. 
histolytfica ^ be demonstrated in the faces of house-flies sixteen hours 
after ingestion, and that flies play a part in the dissemination of amoebiasis. 
There is also muph evidence that contandnaied water and even (rei^ 
vegetables, such as lettuce, may constitute sources of infection. 
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Reports of the outbreak in Chicago in the summer and autumn of 1933 gave 
the total number of oases as 1,409, in that city or traced to other cities in the 
United States, with over 40 deaths. The source was traced to two hotels, where 
the majority of those infected were servants or guests. All carriers of E, histolytica 
were removed from employment, but in spite of these measures, cases continued 
to develop amongst employees of one hotel, where the “ carrier ” rate was found 
to be as high as 47*4 per cent. Further investigations revealed serious con- 
tamination of the water supply from defective drainage and that drinking water 
formed the main channel of infection. 

Considering the susceptibility of the cysts to desiccation, it is probable 
that dust and sand play no part in dissemination. 

Intestinal ainoebiasis is a disease of adult life as a rule. It is rare in 
European children under five years of age, but among Egyptians of the 
poorer class in Cairo, Perry and Bensted found that 13 per cent, of clinical 
dysentery was due to E. histolytica, Biggam diagnosed acute amoebic 
dysentery with liver abscess in an infant three months old, and Williams 
found it in a negro infant of fifteen months on the (xold Coast. As the 
disease has a long incubation period and is acquired from contaminated 
water and vegetables, it is unlikely to occur among carefully nurtured 
children, in whom the bacillary form is much more common. 

Intestinal amoebiasis may produce active symptoms for many years. The 
Editor has treated infections which have persist^ from thirty to forty years 
without seriously undermining the patient's health, so tolerant are the tissues to 
E. histolytica. There appears also to be a difference in incidence of intestinal 
amoebiasis in the sexes. Males, European and native, are more apt to contract 
the infection. Gharpure and Saldanha (1930) reported that in a series of over 
400 post-mortem examinations the number of male cases was quite dispropor- 
tional to the total. Of ammbic dysentery and liver abscess, 90*3 and 93*8 per 
cent, respectively occurred in males ; 9*4 and 6*2 per cent, in females. Below 
ten years of age the incidence of amoebic lesions was 0*9 per cent, and of liver 
abscess nil. The highest peak is reached in the decennial periods 20-40, with a 
proportion of about 30 per cent, of amoebic dysentery and 38 per cent, of liver 
abscess to the total number of autopsies. 

In Armenia, Zaturjan showed that amoebiasis in children usually runs a much 
more benign course than in adults and rarely shows any serious complications. 

iEtlology. — The discovery of amoebsB in dysentery stools was made by 
LOsch in 1875. Originally regarded as a single organism — Arfioeba coli — 
it is now recognized, mainly as a result of the work of Schaudinn, Hart- 
mann, Wenyon, and Dobell, that several distinct species occur in the 
intestinal canal of man, one of which, EntaifKxba hisiolyHcay is pathogenic 
for man, while others — ErUamceba coli, Endoliniax nana, lodavweba 
bUtschlii and Dientaviocba fragilis — ^are harmless species. E, histolytica 
was. originally cultured on egg-medium by Boeck and Drbohlav in 1925 
(p. 1018), but during the last few years it has been grown on a variety 
of serum-media. The term EntamoBba is employed by English authorities, 
though American writers claim that Endanudm is more correct. 

Deieolion of SfUamesba histolytica in stools . — ^When present in stools, entamoebas 
are generally easy to find. It is necessary to pick out a small fragment of 
stool shortly after it is passed, and to lay it on the slide and oompfess it under 
the cover-glass to form a fairly transparent film. Active entamoebas tend to 
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oooar in clumps or masses and are not evenly distributed throughout the stool ; 
they may be present in one evacuation but not in the next. Care should be 
taken that the receptacle in which the stool is collected is iree from all traces 
of antiseptic. These amcebse live in the fseces for a few hours after being 
passed and are readily distorted in the presence of urine. The dysentery amoeba 
is a clear, faintly greenish-tinted, transparent body, as a general rule, some three 
to five times the diameter of a red blood-corpuscle. In its vegetative or tissue - 
invading phase it is recognizable by its active movements, as well as by the 
presence of extraneous material, such as red blood-corpuscles, which it ingests. 
The nucleus may sometimes be excentric. The habit of ingesting red blood - 
corpuscles and body-tissue cells is one of the points of distinction between E, 
hidoLyiica and non-pathogenic E. cc^i. 

In firesh and in stained preparations' the amoeba is seen to be made up of two 
zones — a granular endoplasm surrounded by a clear protoplasmic ectoplasm. 
The nucleus shows a characteristic uniform structure if the specimen is fresh 
and fixed while alive ; aberrant forms with fragmented karyosomes, etc., are due 
to degenerative changes (see p. 866). 

These amoebss flow, rather than move, across the slide, and in the living state 
do not always exhibit conspicuous differentiation between ectoplasm and endo- 



Fig. 46. Cameni lucida drawings showing protrusion of pseudo- 
pocfla by Entamoeba hisbdytica. (P.H.M del) 


plasm. They quickly die and degenerate outside the body. At lower tem- 
peratures they remain stationary, but when the slide is warmed, they eject from 
time to time hyaline ** blade-Hke ** peeudopodia (Fig. 68). Degenerating 
entamoebse often contain vacuoles, but these are not normally present. When 
conditions become adverse, they encyst, first passing through a precystic 
stage. 

CysU. — C3mts vary much in size. They contain highly refiractile masses of 
chromatin or chromatoid bodies, which may assume the form of blocks with 
rounded ends, and also glycogen -containing vacuoles. When first formed, the 
cyst contains one nucleus, which m^isures about one-third of its diameter. 
This divides by binary fission, so that finally, in the more mature individuals, 
four small nuclei, each measuring one-sixth of the diameter of the cyst, are 
produced. In general characters the nucleus of the cyst resembles that of the 
vegetative stage. 

Cysts of E. histolytica can survive outside the body of man for about ten days 
if kept moist and cool. Desiccation kills them imtnediately , though they survive 
much longer at lower than at higher temperatures. 

Westpiml has recorded a significant experiment where an apparently harmless 
E, histolytica infection was acquired by the ingestion of cysts. Some m<mths 
later cultures of bacteria isolated from the freoes of acute amesbio dysenteiy 
were ingested and a similar dose was given to a control, l^th the carrier of 
E. hUMytica and the control suffered from diarrheea, but on the twenty-third 
day, the former developed clinical amcebic dysentery. It was finally determined 
that super infection with Fkxner badili excit^ the clinical manifestatiems of 

I * ^ oi attuB\m In Ikioid pmfmmUotin, em SdiMnOUm'* nwtlind (Appendix, p. 101 »). The 

detslls of ■maBAw ere distorted if MueatyUt ere nmde to dqr tbs iiMdinso ss In s olood^Sjiii. 
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amoebic dysentery. Some workers therefore believe that symbiotic bacilli aid, 
or in some way instigate attacks of acute amoebic dysentery. 

Summary of life-history of Entamoeba histolytica , — The active vegetative 
entamoebaB live ou the tissues of the gut^wall, where they ingest blood- 
corpuscles and multiply by mitosis. In primary amoebic lesions they 
make their way into the follicles of the large intestine, where they multiply 
and, partly by pressure, partly by cytolysins, dissolve the interglandular 
tissues, producing small amoebic abscesses in the submiicosa which burst 
and become ulcers. A number of amoebae enter the lumen of the bowel, 
encyst, and pass out with the faeces. The precystic individuals, which 
are free from protoplasmic inclusions, congregate on the surface of the 
bowel. They are smaller than the vegetative forms which continue to 
multiply in the tissues. Typical cysts, smaller than precystic forms, are 
quadrinucleate when fully mature. When swallowed by another host 
they pass into the small intestine, where they hatch into amoebulae which 
attack and invade the tissues. {See Appendix, p. 866). 

This summary epitomizes the generally accepted accoimt of the life- 
history of E. hisfohjtica, but there are some observers, notably Reichenow, 
who consider that it is normally an inhabitant of the lumen of the intestinal 
tract and not a tissue-invader, but that, under certain conditions, the 
amoebae may invade the intestinal wall and thereby give rise to clinical 
amcebic dysentery. He thinks that the normal form is the minuia form, 
which lives in the intestinal lumen, where it reproduces by binary fission 
and produces four-nucleated cysts. Westphal, on the other hand, regards 
E, hisiohfiica as capable of both intra- and extra-cellular digestion. Pro- 
t^lytic ferments, not toxins, are produced. Colonization is in the tissues. 

A characteristic feature of amoebic infection of the intestine is the 
periodic variation in intensity, which may b(» connected with resistance 
on the part of the tissues of the host, or possibly constitutes a feature 
in the developmental cycle of the parasite. 

Occasionally, however, vegetative amoDbee migrate from their site in 
the bow'el-wall and, as tissue-invading forms, enter the venous system 
and are transported to the liver, exceptionally to the spleen, brain or 
lung ; but by so doing they become unable to complete the cycle of 
development as observed in the intestine, for pre-cystic individuals and 
cysts never develop in these situations. Amoebic infection of the skin 
has seen quite often p, 621). 

E, histolytica passers ,^ — The healthy passer (or excretor) o! E, histolytica 
is an individual who has not suffered, and is not suffering, from dysenteric 
symptoms, but passes histolytica cysts, though otherwise in good health. 
Such cyst-passers may have active entamoebae in the tissues of the 
bowel. 

The cyst-passers may be divided into two classes — (1) contacts who have 
never suffert^d from clinical amoebic dysentery, and (2) convalescents who 
have recovered from an attack. It is known that, for every abnormal 
person who is suffering from amoebic dysentery with passage of vegetative 
forms which are non-infective to other individuals, there are large numbers 
of healthy persons who continue to pass E, histolytica cysts, thus 

'* Qfft-iMMMr '* it l:ier« uied in the piece of ** carrier," a term which ia not applicable to E, Mttoiifiiea 
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constituting a perennial source of infection. The vegetative entamceba 
must, in either case, exist on the tissues of the host. We know from 
post-mortem findings in the Philippines, New Orleans and elsewhere 
that ulceration can occur without producing signs or symptoms, and it is 
well known that liver abscess may be produced under these circumstances. 

In Faust’s opinion the conception of amoebic invasion of the human bowel 
should include milder tjrpes of tissue damage. In a series of accidental deaths in 
New Orleans thirteen cases of E. huiolytica infections were disclosed, of which 
seven showed amoebic lesions. There were three types: — (1) initial pinpoint 
ulceration, (2) shallow crater-Hke lesions, (3) extensive very shallow denudation 
of the mucosa. None of these destructive processes extended beneath the 
muscularis mucosae. 

The lesions of the mucosa may actually be microscopic. Cytolysis and 
necrosis of the epithelium is followed in the majority of instances by 
rapid r^neration, so that jirobably only a small percentage develop 
elimeal evidences of amoebic dysentery. The experiments of Walker and 
Sellards showed that out of 20 men fed with E, histolytica 18 becamt* 
parasitized, but only 4 developed dysenteric symptoms, though the 
remainder continued to pass cysts in their stools. 

By intrarectal and intracaecal injection of fasces containing cysts into 
cats and puppies, ulceration of the . bowel-wall and hepatic abscesses 
have been produced ; but, although the faeces may be swarming with active 
vegetative forms, no cyst -formation has ever bc^n observed in these 
animals. Similar lesions have been produced in kittens by intrarectal 
injection of cultures of E, histolytica. 

Infection in carriers of E, histolytica is remarkably persistent and, in 
all probability, unless cured by anti-amcebic treatment, these persons 
continue to pass cysts for the remainder of their lives. 

Craig and other American authorities believe that everyone who harbours 
E, histolytica cysts is a candidate for some more serious complication 
and that therefore every “ carrier ” should receive adequate treatment. 

Incidence of cyst-passers or carriers, — Among British soldiers after a year’s 
service in Egypt, Wwiyon and O’Connor found that there was no marked differ* 
enoe between carriers who had previously suffered fri>m dysentery and those who 
had not (the percentages being 6*5 as against 4*5 per cent.). The carrier rate 
among native Egyptians, as might be surmised, was considerably higher, 13*5 per 
cent. The most surprising outcome of the systematic examination of fieces by 
protozoologists daring the 1914-1918 war was the almost universal presence of 
the histoijrtica carrier. Yorke, Matthews and Malins Smith found a considerable 
percentage of carriers among lunatics, army recruits, and the personnel of the 
navy in England. The two former recorded 5 per cent., the latter 19 per cent. ; 
Kuenen found a considerable number of indigenous infections in Holland, and 
Brug estiinated the carrier-rate as 12*7 per cent, in that country. In the United 
States amongst schoolchildren it may be as high as 10*8 per cent., but in adults 
Andrews and Paulson g^ve a much lo^r fi^re, 0*2 per cent. In New York 
City it is i *1 per cent, among city dwelkrs, and 5*4 per cent, among foodhandlers, 
and in Philadel|diia 5*2 per cent, for the general population. Craig has estiinated 
that 10 per cent, of the total inhabitants of the United States are infected with 
nmmhwliB, The exact signifioance of these figures is difficult to determine. It 
certainly does not mean that this compmtirely laiwe number is suffering from 
fpnm ulceration of the bowel, for indi|^mous amo^ dyseniery is almost unknown 
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in England. Even among the insane, with a relatively high cyst-passer rate, 
“ olinioal amoebic dysentery ” is rare. 

Pathology. — The earliest lesions of amoebic dysentery are minute 
yellow hemispherical elevations of the mucosa, which mark the site of a 
deeper- lying zone of necrosis. By growth in size and localized necrosis 
they form flask-shaped ulcers, the bases of which lie in the submucosa. 
These ulcers are scattered throughout the large intestine, rarely extending 
above the ileo-cascal valve. The appendix may be involved, and Musgrave, 
in 1910, reported three cases of fatal peritonitis due to this ; since then a 
few other cases have been investigated in which entamoebaB were demon- 
strated in microscopic sections. Amoebic ulceration of the ileum was 
described by Biggam. These were acute and rapidly fatal cases, and 
in neither instance were amoebaB demonstrated in the stools but only in 
preparations from the lesions. Active arnoebaB and cysts were found in 
the duodenal juice in one patient in Germany. 

The ulcers may not be larger than a pin’s head or may measure an 
inch or more in diameter, and, as the disease progresses, may become 
even larger. Then the margins are rolled, the edges undermined, and 
the base is formed by fibres of the muscular coat (sea-anemone ulcers). 
The ulcers are capped by dense yellow, green, or even black sloughs (Dyak- 
hair sloughs), which may project into the lumen of the bowel. The 
lesions usually originates in the csBcum, and are scattered throughout the 
transverse and sigmoid colon and rectal canal, though the intervening 
mucous membrane remains healthy. Amoebic lesions commonly extend 
throughout the large intestine as far down as the internal anal sphincter. 

In 186 cases examined poat mortem by Clark in 1924, lesions were scattered 
throughout the colon in 61 per cent, affecting, in order of frequency, caecum, 
ascending colon, iliac colon, sigmoid, rectum and hepatic flexure. At the sites 
where intestinal stasis is greatest there is a tendency for amoebse to invade the 
bowel wall. 

In chronic anuBbiasis there is inflammation and compensatory hyper- 
trophy of the bowel- wall. Sometimes sacculation and constriction of the 
large intestine may be produced by cicatrization (Plate X, Fig. 1). 

Hellards and Leiva demonstrated in experimental animals that when the 
c£Bcum is exposed and infective material is introduced into the lumen, infection 
takes place with surprising regularity, but that, whether it is introduced directly 
into the csscum or via the rectum, initial l^ions occur in the extreme lower part of 
the bowel. Stasis in the largo intestine affords the organisms a foothold, and is 
a factor in determining the location of the initial lesion. Wagner and Beiling, 
whose conclusions are almost identical, found that the amoebae at these focal 
points enter the tissues in one of three ways, ^ing directly into connective 
tissue, crypts, or lymph-channels, where they migrate to the lymph-follicles and 
the submucosa. The intestinal mucosa responds to invasion by secreting mucus, 
which, when mingled with blood, forms an excellent medium for the development 
of amosbiB on the bowel surface. The balance between host and parasite is delicate. 

Thrombosis of the blood-vessels, in which entamoebaB are often found, 
(occurs at the bases of the ulcers, and, by erosion, an arteriole may be 
opened, and rarely severe or fatal haBmorrha^e result. Perforation by 
ulcers, even massive gangrene, especially of the caBCum, may occur, and 
lead to fatal peritoni^. 
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In the healii^ gut, cicatricial pigmented scars mark the sites of former 
ulcers. Adhesions may form between proximal coils of intestine which 
become matted together or adherent to the liver and spleen. Pericolic 
abscesses may sometimes form. 

In chronic cases, polypoid or gangrenous tags project into' the lumen 
of the gut. The intestinal contents may be composed of dark, almost 
black h©monhagic f©cal matter with characteristic penetrating odour. 

Carcinoma may originate at the site of healed aincebic lesions. 

The cadaver shows no signs of toxic absorption, such as occurs in the 
bacillary dysenteries. Apart from wasting, the other viscera exhibit 
few, if any, changes. 

Histology. — The amoebn work their way down the crypts of Lieberkiihn, 
multiply, and, by secretion of cytolysins, (^integrate the tissues of the sub- 
muoosa and produce gelatinous necrosis, with a little surrounding tissue reaction 
and round cell infitration (Fig. 69). In more advanced lesions the entamoDb© 



Pig, ^•--S€c^(mtlumighh9U9tm4gbktAurftb9wiogE.hisUilgtica In tlie Hitiies. 

(C, M. Wengim) 

may be seen between the muscular fibres and within the peritoneal veins, whence 
they may be swept as emboli into the pmrtal vein, lodge in the liver, and so 
become the startii^^point of an amcsbic hepatitis or liver abscess. 

The saperfidal layers of the doo^ of mi amcebio ulcer become secondarily 
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invaded by baoteria, though the adjacent mucous membrane remains healthy 
and shows few microscopic changes. The precystic forms of E. histolytica are 
found in the intestinal mucus and on the su^ace of the bowel. 

Experimentally-produced amoebic dysentery in kittens differs essentially 
from the disease seen in man. When introduced into the rectum of the cat, 
entamoebae produce, within two to three days, acute inflammation. The lesions 
differ in their generalized and acute character from those observed in man. 
Death takes place from secondary terminal bacterial invasion. Cysts are never 
found, and chronic ulceration does not occur. 

Symptoms. — The incubation period of amoebic dysentery, from the time 
of introduction of the cysts into the intestinal canal until the development 
of symptoms, is of considerable length. In the Chicago outbreak of 
1988 it ranged from seven up to seventy-seven days, symptoms appearing 
occasionally within one week though, in a few instances, not for three or 
four mouths. The fact that amoebic cysts are found in the faeces of 
individuals who may never have had “ dysentery in the ordinary accepted 
sense, suggests that the development of clinical symptoms depends upon 
some secondary bacterial infection. 

The great majority of cases of amoebic dysentery run a chronic course, 
with frequent intermissions and relapses. This latency is one of the 
most striking and characteristic features of amoebic dysentery. The 
onset is generall}' insidious, so that the patient may complain more of 
diarrhcea than of dysenteric symptoms. Perforation of the bowel, leading 
to fatal peritonitis, has been known to occur in patients who, judged 
by clinical data, were not suffering from dysentery. In mild cases the 
patient generally complains of suddenly developed amoibic diarrhoea. 

The symptoms, subji^ctive and objective, may resemble those of bacillary 
dysentery ; but, as a rule, abdominal tenderness is much less acute, and 
may be restricted to the capcum, where it may simulate appendicitis, 
or to the transverse colon, where it may mimic gastric \ilcer ; more 
frequently it is limited to the sigmoid flexure. Should ulceration occur 
in the rectum, tenesmus and straining may be noted. The individual 
stools are larger than those of bacillary dysejitery. They may not exceed 
tliree or four in the twenty-four hours, and are seldom more than twelve. 
As a rule, they contain much dark and altered blood, which imparts a 
penetrating, disagreeable odour. In consistence and appearance they 
resemble artchooy sauce. Often, blood -streaked mucus is intermingled 
with liquid faaces. Metena may occur occasionally. The motions may 
be formed, and streaked with blood and mucus. Gan^enous sloughs 
may be voided. Unless the case is complicated by hepatitis, whemthe 
liver is painful and enlarged, there are seldom any toxic manifestations. 
Acute cases of amoebic dysentery with high fever and urgent painful 
and severe clinical manifestations are rare. In the Chicago epidemic 
acute cases of unusual severity, with pyrexia and other toxic manifes- 
tations (amoebic fever), were noted. 

The patient, as a rule, becomes emaciated, but some remain in remark- 
ably good condition, although suffering from repeated relapses. The 
Editor has seen patients, sufferii^ from chronic amoebic dysente^, 
become grossly fat. Sometimes the skin is myxenoid and the complerion 
has a Bubicteric tinge. The toi^ue is -moist and coated. Vomiting 
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may rarely occur. Generally there Ir a complete anorexia. Dysuria is 
not noted as in bacillary dysentery, and iemsmm is rare. The limr is 
sometimes enlarged, even in the absence of hepatitis. 

In uncomplicated aracebic dysentery there is no pyrexia, but cases 
with periodic rigors, suggestive of malaria, are occasionally met and may 
be recognized by amenability to emetine treatment and by discovery 
of amoebic cysts in the faces. In amoebic dysentery there is usually a 
moderate leucocytosis ( 10 , 000 - 12,000 with low proportion of polymor- 
phonuclears — about 70 per cent.). 

There still remain a number of obscure conditions of which some mention 
must be made. It is probably true, so variable are the symptoms of 
amosbiasis, that almost any intestinal disease may be simulated. Intestinal 
amoebiasis is not invariMy associated with dysentery or diarrhoea. It 
may occasionally be marked by constipation, by intestinal pains or 
disturbances, very often by neurasthenia, bodily and mental lassitude, 
furred tongue, and disordered digestion, popularly described as an “ un- 
comfortable belly,’’ or “ growling abdomen.” In these cases discovery 
of amoebic cysts in the faeces, followed by appropriate treatment, may 
improve the clinical condition. Pathological changes in the bowel may 
sometimes lead to sacculation or even dilatation of the colon. Very 
often the csecum is grossly distended with gas and the sourct* of much 
discomfort. In chronic cases, infiltration of the sigmoid colon, less 
commonly of the csecum, can be detected by abdominal palpation. 

In the course of chronic amoebiasis cachexia ensues, restmibling intestinal 
toxaemia. These patients have muddy complexions resembling in outward 
appearances some cases of diverticuiosis. 

Often, without treatment, symptoms may subside, and the patient 
may be apparently cured, but will relapse after an interval of weeks, 
months, or even seven years or longer. More often he continues to pass 
loose, semi-formed stools. Attacks of diarrhcea alternate with constipation. 
After any physical exhaustion, chill, alcoholic or dietetic indiscretion, a 
fresh exacerbation may supervene. On account of these variable 
symptoms, the infinite variety of abdominal pain, and the occasional 
metenic stools, it is clear that amcebic dysentery has to be differentiated 
from duodenal ulcer, gall-bladder disease, pancreatitis and neoplasm. 
Hepatitis. Acute amoebic hepatitis may supervene at any time during 
the course of amoebic infection, while the symptoms are acute, or during 
a remission. The patient usually expmences great pain over the hepatic 
area*, together with signs of toxsemia and considerable pyrexia. The 
liver itself is enlarged ; it may project below the costal margin to the 
level of the ili^ crests, and be extremely tender. Pain referred to the 
right shoulder is also frequent. Usually there is a leucocytosis of twenty 
to toirty thousand with low proportion of polymorphonuclears. 

mpatitis may subside without any active treatment. There is some 
evidence that in these cases Uie amceb® are distributed throughout the 
liVOT, with embolic spread, suggesting a portal distribution. Fortunately 
it 18 particularly amenable to emetine treatment {see p. 617.) 

j; hctocdtoeitothiftWhiwd Hirairrtai itltt 
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Complications. — Death may result from exhaustion, intestinal hasmor- 
rhage, perforation, or liver abscess. 

The most frequent complication of amoebic dysentery is liver abscess. 

Perforation of the bowel may be sudden, or be preceded by intense 
local pain, which, when restricted to the nght iliac fossa, may be mistaken 
for appendicitis. Occasionally, pericolic abscess may be produced, especially 
in the descending or sigmoid colon. Intestinal obstruction from an amoebic 
granuloma (amoeboma) has been recorded, and when this forms in the 
cfiBCum it may resemble hypertrophic tuberculosis or malignant disease. 

Amoebiasis may be superimposed upon bacillary dysentery, or irice 
versa. In Egypt, intestinal amoebiasis is often found associated with 
BiUiarzia niansoni. Visceroptosis, distension or sacculation of the gut, 
leading to intestinal stasis, may constitute distressing results of amoebic 
dysentery, but stricture of the rectum does not ensue. Appendicitis due 
to amoebic ulceration is not uncommon. Snapper has recorded a psoas 
abscess as the result of perforation of an amoebic ulcer of the caecum. 

Sequelae. — Many sequelae of intestinal amoebiasis have been described, 
often on insufficient evidence, and it is very difficult to prove direct 
association of different obscure clinical states with a past infection with 
E, histolytica. The Editor believes that certain intestinal conditions 
(xjcur frequently as the aftermath of amoebiasis ; such are appendicitis 
(not necessarily caused by amoebic ulceration), mucous colitis, and dm- 
denal vlceratwn. Chronic amoebiasis, besides producing chronic ill-health, 
very often contributes to introspection and neurasthenia. 

Diagnosis. — It is safe to regard acutely developing tropical diarrhoea 
either as bacillary or amoebic dysentery, though clinical distinctions in 
the less acute manifestations are often unreliable. Assistance in diagnosis 
may be obtained from the more rapid onset, the febrile condition, and 
the rapid pulse in the bacillary disease. As a rule, the number of stools 
in bacillary dysentery is greater and their individual size less. The 
character of the stools should also be taken into account. Usually they 
contain more dark blood in amoebic dysentery. Occasionally, however, 
they may l>e tarry, suggesting duodenal ulceration. 

Laboratory diagnosis should alw'ays be resorted to, having regard to 
010 experience of the observer and his ability to determine whether any 
ainoeba-like body discovered in the faces is in fact E, histolytica, E. coli, 
or some large tissue cell, such as a macrophage (Plate XI). With practice 
this becomes comparatively easy. Entamoib® may be ^bsent in some 
portions of a stool, numerous in others. Several preparations must be 
searched, at first with the f-in. lens, subsequently with the J-in. When- 
ever possible, a portion of blood-stained mucus must be picked out for 
examination. The ^organisms may be difficult, or almost impossible, to 
detect in a specimen containing too much blood. It is important that 
the specimen should be as fresh possible. The discovery of an active 
arnceba containing ingested red blood-corpuscles is generally sufficient 
to establish the diagnosis of £. histolytica. In the more chronic and 
latent forms of the disease the characteristic cysts must be sought. 
Entamceba and their cysts can at first be recognized under a low-power 
lens as “ bright stars,” of higher refractility than other cells, especially 
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with the eosin contrast method whereby the background is stained pink 
whilst cysts stand out as clear retractile objects. Examination should 
not be considered as completely excluding an amoebic infection until the 
stool has been searched on each of seven consecutive days. Cultural 
methods may assist diagnosis in scanty infections. 

In cases in which there is any doubt of the identity of the cysts, ^ they 
may be stained by the rapid, or by the more prolonged iron-haematoxylin 
method (p. 1012). Mixing the fresh faeces with a solution of Weigert’s 
iodine (p. 1012) brings out nuclei and other characteristics. 

Charcot-Leyden crystals are commonly found in the faeces in amoebic 
dysentery, and their presence has been regarded as of diagnostic importance. 
The crystals vary very much in size, averaging 5-25 ; their typical 

shape resembles a whetstone, and they are soluble in warm water, strong 
mineral acids, and alcohol. They may also be found in preparations from 
amoebic ulcers, made through the sigmoidoscope (Plate XII). 

The Editor emphasizes the danger of attaching too much importance to 
Charcot-Leyden crystals as necessary diagnostic of intestinal amoebiasis. He 
has found them in malignant disease of the rectum, mucous colitis, coccidiosis 
{laospora hominis), ulcerative colitis, and various helminthic infections (see 
p.lOIl). 

CtmpUment-fbxUion reaction (Craig). — Craig described a technique for the 
preparation of amoebic antigen and for carrying out this test, which is practically 
the same as that used for the Wassermann reaction. The antigen is an alcoholic 
extract of cultures of E, histolytica grown upon a modified Boeck-Drbohlav 
medium. A rich culture is selected and from this at least 120 SUb-cuitures are 
made. Then all the material at the junction of the egg slant with Locke's serum 
solution is pipetted into suitable tubes, centrifuged and the sediment extracted 
in the incubator at 37® C. for fifteen days with seven and a half volumes of 
absolute alcohol. Craig has now published results from 1,000 cases in which 
diagnosis was checked by the fmces examination. Of those giving a positive 
reaction (175), E. histolytica or cysts were found in the feces of 89*7 per cent. 

Meleney ai^ Frye have tested the value of complement-fixation in experi- 
mentaUy infected animals inoculated parenterally with amcebic extracts. 
Experimentally infected dogs and monkeys usuaUy gave a positive reaction. 

IntmdemuU tesl, — The intradermal test of Scalas is as follows : the test material 
is obtained by mixing mucus containing E, histolytica with 30 c.c. of physiological 
saline solution, and incubating the result for one week at 37® C. with daily shakings 
and deoolorization with animal charcoal. In positive reactions an indurated 
swelling at the site of inoculation is produced. 

Sigmoidoscopic examination . — Amoebic ulceration may extend into the 
rectal canal, so that sigmoidoscopic examination, conducted without an 
anaesthetic, usually affords valuable information. Quite coiiunonl^, 
small yellow ulcers with surrounding hyperemia are seen, especially in 
the region of Houston’s valves. It is often possible to find living en- 
tamoebse in the scrapings, even when they cannot be ffemonstrated in the 
fsBce^. In contrast to chronic bacillary dysentery, instrumentation is 
practically painless. Amoebic ulcerations may be touched or scraped 
vdti^out causing any painful sensation. The mucous membrane surround* 
ing individual lesions shows absence of inflammation, preserving its normal 
piu colour, but it is usually more reticulated and folded t^n normalf 

* Oofioaitimtfcm mmy alto be emplpjred tar reoegnltloii of B. Mtkttytiea cfSta (p. 1012). 

* Bj ttife moUiod Uie Bdltor bee Uietfiioeed emcobtaale In n cam noembUMg enterto fever. 
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AmcBbic lesions are then seen in the crypts between the folds, either as 
small, yellow elevations the size of a pin’s head, or as superficial snail- 
track ulcers with hjeniorrhagic margins (Plate XIII). Often the only 
signs of abnormality are small, flame-shaped heemorrhages, in the centre 
of which the entamoeb® may be denionstrated in scrapings obtained by 
means of a long-handled Volkmann’s spoon passed through the sigmoido- 
scope (Fig. 70). A porcupine quill forms a convenient instrument for 
transferring material from the spoon to the microscope slide. 

In the Editor’s series of 635 cases of intestinal amoebiasis, 609 were 
diagnosed by microscopic examination of faces, in the remainder by 
demonstration of amceb® in scrapings from amoebic ulcers. Out of 258 
sigmoidoscopic examinations, characteristic amoebic lesions were demon- 
strated in 284. 



In chronic, partially-healed aimebic dysentery, or even iti symptomless 
cyst-passers, amoebic lesions may hi) distinguished as minute oval circular 
pits, or depressions, irregularly disposed. They may be almost microscopic, 
requiring a magnifying eye-piece for their detection. Occasionally 
solitary ammbic ulcers, resembling carcinoma, are seen in the rectum, 
twenty years or more after the primary infection. Pungating granu- 
lomatous masses (amoeboma or amoebic granuloma ta) may be discovered. 

X-rays in diagnosis , — Vallerino described, as indicative of amosbio lesions, 
lining defects in o»cum and ascending colon with deficient haustration of the 
boweb seen alter a barium meal, but not so easily after an opaque enema. X-ray 
diagnpsishas been tried on an extended scale at the Hospital for Tropical Diseases, 
l^ncU^ Occasionally filling defects have been observed in the casoum, but 
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sizoilar appearances are seen in other forms of dysentery and colitis. Only un 
satisfactory assistance can be obtained by this method. 

Differentia! Diagnosis. — Differential diagnosis has to l>c made from many 
other conditions in which blood and mucus are passed in the stools, and this 
means difiFerential diagnosis from all Other forms of dysentery, colitis, or even 
other forms of intestinal disease. Differential diagnosis from malignant disease 
of the bowel deserves emphasis. Many observers — James, Willmore, Gunn, 
Howard, Haran and MendeL^n — ^have described a hypertrophic form of intestinal 
amosbiasis — amoebic granuloma — which may affect different portions of the large 
bowel, csBcum, or sigmoid, and which may produce tumours 12 by 10 cm. in 
extent, and on account of these physical characters may resemble carcinoma 
and cause partial occlusion. The process consists primarily of an isolated ulcer, 
with progressive erosion of the bowel- wall in response to long-continued secondary 
infection. Gelatinous granulation tissue appears, and the process may affect 
the bowel-wall and neighbouring mesooolic fat with enlargement of the mesenteric 
glands. Satisfactory diagnosis can usually be made by microscopic examina- 
tions of scrapmgs or by removing tissues by biopsy when entamoebas may be 
demonstrated in sections. This al^ applies to the solitary ulcers described on 
p. 491. 

Treatment 

Many diverse drugs have been advocated for amoebic dysentery. Treat- 
ment requires careful supervision. Specific drugs may be preceded by 
a purge ; castor oil is the most appropriate. Opium, as a routine measure, 
should be avoided. The dietary should be carefully regulated and, in 
the acute stages, nursing is important. As all drugs used in the treat- 
ment of amosbiasis contain toxic principles, especially emetine and its 
derivatives, a definite diagnosis of amaduasis must be made before they 
are exhibited. Unfortunately there is a reprehensible tendency to inject 
emetine indiscriminately as a diagnostic measure in all cases of dysentery. 

Ipecacuanha*^ — ^It had long been recognized in India and in the Far East that 
ipecacuanha root was a valuable drug in chronic dysentery ; this was Manson^s 
opinion based upon a wide experience in China. Its use is now a matter of 
histoiy, though it is sometimes employed and is still beneficial in the after- 
treatment of liver abscess or pulmonary amoebiasis (see p. 623). Food should be 
interdicted for three hours, a^ then 10 to 20 drops of laudanum given in a table- 
spoonful of water, and a mustard plaster applied to the epigastrium to counteract 
the emeric effects of the drug ; about twenty minutes later, when the patient is 
under the influence of the laudanum, 20 to 30, and even as much as 60 gr. of 
ipecacuanha, in pill, bolus, capsule, or suspension in half a wineglassfiil of water, 
are administered. The dose ofipecacuanha must be continued (^y for at least 
a week. 

1. Emetine.— There are four alkaloids of ipecacuanha — emetine, 
cephffiline, psychotrine, and emetamine, but only the first-named has 
d^ite therapeutic properties. Emetine should be injected subcutan- 
eously or intramuscularly. It is apparently a toxic drug, especially to 
diildz^ and women, when given ^ravenously at in excessive doses. 
It is a white ci^talline powder, sensitive to lig^t, soluble in four parts 
of water, and h^hly irritant to the eye. 

Dobell showed that emetine is lethal to amoebie in coHure, a strengtli of one in 

* f|>eoMiiiua» nioi (C«pAdSa St to 
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five million. Nossina proved that this action is influenced by the acidity of the 
medium. It has a slight action in an acid medium, but the effect increases as the 
reaction approaches neutrality. The optimum is pH 6*8. Oephseline is far less 
effective. It is curious that emetine and cephsel|ne, though pre-eminently active in 
preventing multiplication of E, histolytica, do not apparently exert any direct 
action. On the other hand, a derivative of emetine— ^methoxyemetine, which 
has a potent direct action, fails to cure the infection in man. 

In large doses, more than 1 grain a day, emetine is apt to produce toxic 
symptoms. It may lead to asthenia, cardiac irregularity, emaciation, 
mental depression, and in rare cases to myositis and even neuritis which 
may affect a particular group of muscles and produce partial paralysis. 
Thus, the Editor has seen atrophy of the scapulo-humeral group, resembling 
chronic poliomyelitis. In excessive doses it may actually produce 
(liarrhcea. Emetine therapy is frequently followed by fine branny desqua- 
mation of the skin and an atrophic brittle condition of the nails. (Fig. 71.) 
F.metine injections exert no action on the pre-cystic forms of E, histolytica, 
and are therefore ineffective in chronic cases with cysts in the faeces. 



Pig. 71. — Effect of emetine Intoxication on the nails : increase 
of lanale» striation and brittleness. {Dr. T. Jac.kmn\. 

Attention moat be paid to the toxic manifestations of emetine when given 
injudiciously without proper indications. Being a cytoplasmic poison it is 
especially toxic when given to patients with bacilla^ dysentery. Apart &om its 
gcmeral toxic action on the tissues, it has an especial affinity for the heart. This 
action has been d^own by Epstein to be on the myocardium and the conducting 
fibres, and it may produce auricular fibrillation^ Improperly- conducted emetine 
injoc^ionii, especially in debilitated persons, may produce fixation abscesses or 
Nvidespread cellulitis, and the Editor has seen two cases where this was so extensive 
that the patient nearly lost his arm. Ecaema, or even ulcers, may be provoked 
at the site of injection. Often the stifffiess and irritation resulting ftom emetine 

^ eMrooardlosimpliio methods Hettig imd others have shown that the cardiac effects have possibly 
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injeotioDB are intolerable. Most of these drawbacks may be obviated by giving 
intramuscular injections. Emetine is specially toxic to young children and is 
mentally depressing to adults. It should not be injected intravenously. 

It should never ^ given hypodermioidly to patients who are leading an active 
life or taking hard physical exercise. This rule is too frequently disregarded, 
and permanent cardiac damage is the r^ult. . 

It is best to initiate treatment with a course of deep subcutaneous or 
intramuscular injections of emetine hydrochloride (1 gr. in 1 c.c. of dis- 
tilled water) daily for ten or twelve days. This does not suffice to eradicate 
the infection from the bowel, as the Editor has shown. It sliould there- 
fore be supplemented by a course of the double iodide of emetine and bismuth 
(emetine-bismuth iodide). Emetine^ injections are much more effective 
in metastatic amoebic leswns (hepatitis, etc.) than in intestinal amoebiasis. 

The prevailing practice of giving periodic courses of emetine injections 
in chronic amoebiasis is subject to serious objections in so far as it tends 
to render E. histolytica emetine-fast and to make further treatment in- 
effectual. The renewed practice nowadays of giving heroic courses of 
emetine does not eradicate the infection but poisons the patients. 

II. Emetine •bismuth iodide was introduced by Du Mez in 1915 
and later it was popularized by Dale. It contains 58 per cent, of iodine 
and 28 per cent, of emetine. In the intestine the insoluble salts of bismuth 
are converted into bismuth sulphide after passing the pylonis. It is 
indicated especially in chronic cases and in persistent passers of E. 
histolytica cysts and is given by the mouth. More usually known as 
E.B.I., it is an insoluble powder, from which the emetine is set free by 
contact with the intestinal juices. It was formerly said not to be decom- 
posed in acid solution (e.g. gastric juice), but this is incorrect. It passes 
through the intestinal canal unabsorbed, if compressed into a hard tablet, 
or if coated with some insoluble substance, such as paraffin, vaseline, resin, 
keratin, or stearin. It is best made up in powder form in gelatin capsules 
(Stipules) f or mixed w ith jam or syrup. The maximum mdividual dose 
for an adult is 8 gr. (02 grm.) per diem for ten to twelve constMJutive days. 
Experience has shown that individual doses of 2 gr. suffice and that a total 
dosage of 20 gr. will entirely eradicate infection. For delicate individuals 
and women the dose should begin at 1 gr. and be gradually increased. 
This drug is more easily tolerated in temperate climates than in the tropics. 

The drug is dispensed as a red powder ; the capsules of gelatin are manufac- 
tured as Slipules. No. 5 size capsule will contain 1 gr. of E.B.I. If the full 
dose is given, it is better from the point of view of the patient to take one capsule 
containing 2 gr., but when treatment is commenced with smaller doses the patient 
becomes gradually accustomed to the drug. 

If gelatin capsules have been kept for some Ume, they tend to harden and 
become insoluble. They should therefore be pricked with a pin before being 
administered. 

It is important to observe certain precautions in giving this drug. When 
given at 10 p.m., the last solid food should be taken at 6 p.m. The patient 
diould remain at rest ; he should endeavour to go to sleep, and wjy sidiva 
should be wiped from the mouth. 

* Otemiible iequebv ci tauUm Initetiam mmy be nvolM U Urn iklti ft nioobed siwi tiM 
fa mwto d dstp mbemamttidif. 
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Vomiting and diarrhoea are to be expected in the earlier part of the 
course, and are to be viewed as an indication that the drug is being 
absorbed. Diarrhoea is a necessary prerequisite to cure, because precystic 
forms of E, histolytica live on the mucous surface of the bowel where they 
are not affected by hypodermic emetine but are killed by the alkaloid 
in the lumen of ther boweU. If no symptoms of nausea supervene, it is 
probable that the cachets are not being dissolved and their contents freed., 
It is necessary for the patient to remain in bed and take a liquid or milk 
diet with eggs and toast. 

Excessive vomiting and nausea may be mitigated by 10-15 min. of 
tincL opii given half an hour previously, or, in some patients, by nepenthe, 
luminal, allonal, or chloretone. Most patients lose about 5 lb. in weight 
while under treatment. The condition of the heart and pulse should be 
noted daily, but treatment should not be discontinued unless depression 
becomes severe. Almost invariably a fall in blood-pressure (about 20 
mm. of mercury) ensues. Alcohol in any form should be prohibitod. 
When the cure is completed the patient should be gradually permitted 
to resume activity, though dieting {see p. 504) may still be necessary. 

For relapsing oases it was formerly considered necessary to give more than one 
course of E.B.I. and some Cases were thought to be due to amoebae which had 
become resistant to emetine. Too much reliance should not ho laid on isolated 
faeces examinations, on account of the vicarious appearances of cysts, but it is 
advisable to re-examine faeces microscopically at the end of six weeks. The 
results of treatment are much better controlled by periodic sigmoidoscopic 
examinations. For some considerable time after disappearance of active lesions, 
small pits or depressions of the mucous membrane may be seen. 

A modification of E.B.I. — emetine periodide (E.P.I.) — is less toxic. It may be 
given in capsules in dosage of 3 gr. daily, in conjunction with capsules of dried 
ox-bile, gr. 5, which facilitates liberation of emetine. The Editor prefers E.P.I. 
for those who cannot tolerate E.B.I. 

Auremetine (Willmore and Martindale) is a combination of emetine with aura- 
mine (a dye). It is given by the mouth as a dark-maroon powder which is in- 
soluble in water. It is less easily decomposed than E.B.I. in the gastric juice. 
The dose, 1 gr. in gelatin capsules (slipules), is given four times daily on alternate 
days for seven ^ys, and then daily until a total of 40-60 gr. has been 
taken. 

III. lodine-oxyquinoline-sulphonic-acid preparations (Qitinox^Q 
— Sodium-iodoxy-quiiiolino sulphate is also known as Chiniofon (B.P.), 
Yairen (Bayer), Quiniosulyhan (May & Baker), Anayodii^ (U.S.A.)* and 
Dysentillin (German). It is a mixture of four parts of 7-iodo-8-hydfoxy- 
quinoline-5-8ulphonic acid, containing not less than 26*5 per cent, com- 
bined iodine, and one part of sodium bicarbonate. There is some chemical 
reaction, so that the preparation may contain a small amount of sodium 
hydroxyquinoline sulphonate, in addition to sodium bicarbonate and 
iodohydroxy-quinoline sulphonio acid. In solution 100 parts of quinoxyl 

» Tho underlylttg Idea of K.li.I. Uiempy ii that emetine •hould reach the large Inteetlne nnabeorbed. 
Thla pmbieiii haa never been properly tolved. Testa for emetine in the urine should be performed after 
ernetine has been given hyitodermically or- by the mouth. Similarly, tiecee of patients taking various 
mcHUflcaUofui of X.B.l. should be extracted. 8nelUng*s motion for emetine oonsisU of adding a »w drops 
of HCl to potaniuin chlorate, whioh, with emetine, gives an orange red colour which toon changes to violet. 

' A. tomewhat similar compound Is iodoohloroxyquinoUne or vioform, which has proved efiective in 
monlEsj amceblaals (beaks) 
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yield approximately 85 parts of iodohydroxyquinoline sulphonate. 
Quinoxyl can be given (>ither by tlie mouth or by retention enema. By 
the former route the maximum daily dose is 1 grm. (15 gr.) in powder 
form, in capsules, or keratin-coated pills, for ten days. After an interval 
of one week this course should be repeated. The drug is excreted in the 
urine, and can be recognized by the oxyquinoline test (green colour with 
perchloride of iron). Quinoxyl in pill form (4 gr. each), acts best when 
acute symptoms of amcebiasis have been controlled by emetine. The 
maximum dose is four a day. 

To obtain permanent therapeutic results, quinoxyl should be given 
as rectal injections (retention enema), as well as by the mouth. By this 
method it exerts an effective amoebicidal action. The bowel must first 
be washed out and cleared of mucus by an enema (1 pint) of 2 per cent, 
sodium bicarbonate at 8 a.m. One hour later 227 c.c. (8 oz.) of a 2*5 
per cent, solution of quinoxyl, in warm water, is introduced through a 
stout rectal tube. The patient should be encouraged to retain the solution 
as long as possible, from 8 to 10 hours. The solution is then returned 
as a greeniA hquid containing mucus and debris derived from the bowel. 
The course of rectal injections is continued for ten days. The foot of the 
bed must be raised on blocks. The course may be repeated two or three 
times with a week’s interval between each. Dieting and rest in bed are 
absolutely necessary. In resistant cases higher concentrations, up to 3*5 
per cent, of quinoxyl, can be given by retention enemata. 

rV« Ckmibined synergic treatment. — In the Editor’s opinion this 
method of treatment gives far the most satisfactory and permanent 
results. He has tested it out now in over 600 cases of proven intestinal 
amoebiasis during a period of twenty years. There have been two relapses in 
the series, both of which have been subsequently cured by further' treat- 
ment. liis treatment embodies the effects of quinoxyl and E.B.L treat- 
ments given in combination. E.B.I. acts on the amoebic lesions in the 
upper portion of the large intestine, quinoxyl on ulcers and lesions situated 
in the lower portion. It is necessary that the patient should be al rest 
and in bed the whole of the ten days of this treatment. Due attention 
must be paid to the dietary. It is not necessary to give more than a 
total of ^ gr. of E.B.I. and the maximum individual dose should not 
exceed 2 gr. 

Scheme of Dibtaby aed Combimbb TRSATMXirr 
FOB Ihtxstikal Ajkebiasib 

7 a.m., pot of tea and 2 oz. milk. 

a.m«, one egg, buttered toast, cup of tea and 2 oz. milk. 

8 a.m., 8<^nm -bicarbonate enema, 2 per cent., 1 pint. 

8.30 a.m., quinoxyl 2^ per cent, by rectum (8 oz.). 

9 a.m., 8 oz. milk. 

10.30 ajn., juice of an orange, glucose | oz. 

12 noon, liver soup, chicken or fish, toast, butter, custard or milk jelly, baked 
apple. 

4 p.m., bdM egg, toast, butter, juice of one orange and ^ oz. glucose, grapes or 

ripe bamma, sponge fingers. 

5 p.m., quinoxyl enema voided. 

6 p*m., 8 oz. ; bath. 
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9.30 p.m., sedative (luminal gr. 1). 

10 p.m., E.B.I. (gr. 2). 

10.30 p.m., sleep. 

2 a.m.» vomit (pharmacological action of E.B.I.). 

During combined treatment the patient should be nursed in bed and should 
be allowed to get up for his bath. He may be allowed to use a night commode 
for stools and for voiding the residue of the quinoxyl enema. On the first night 
E.B.I., gr. 1, is given ; subsequently, gr. 2. 

After the completion of treatment, the patient must be permitted two 
days* rest to regain his strength, as a sense of weakness or stiffness is 
produced in the limbs ; but, if carefully carried out, this treatment is not 
specially exhausting. 

Medicinal treatment JoUomng the combined course . — An after-course of 
quinoxyl pills is prescribed, one or two at night for the next three weeks, 
according to the age and condition of the patient. These are good aperients 
and probably act by keeping the bowels relaxed. If the patient is much 
debilitated, one tablet of stovarsol is indicated daily, for 14 days. 

Other methods of treatment. — Stovarsol {Aceiarsol), an arsenical prepara- 
tion (3-acetylamino-4-hydroxyphenyl-ar8onic acid), containing 27*2 per cent, of 
arsenic, has been advocated, mainly in France, as an amoebicide, and has been 
widely used in the treatment of amoebic dysentery in combination with other 
drugs. It has a feeble amoebicidal action, but stimulating properties. Its 
special use is in the after-cure of amoebiasis. It is dispensed in 4-gr. tablets, but 
the maximum dose is two dally for one week to ten days, but not longer ; in 
sensitive persons not more than one tablet daily is advisable. This drug has to 
be carefully watched, as it may give rise to a toxic erythema with pyrexia 
resembling German measles, and even to exfoliative dermatitis. None of these 
arsenical drugs should be administered to patients in whotn liver damage is 
8U8|x»eted. A delayed papular toxic rash has been seen three weeks or so after 
the administration of the drug. Other varieties are known as Spirocid, 
Orarrnn (Boots) and HaJarsol (May k Baker). 

Carbarsone (Eli Lilly & Co.), 4-carbamino-phenyl arsonic acid, (H20jA8GeH4 
NHCONH,), was originally prepared by Ehrlich and contains 28*8 per cent, of 
arsenic. It has been much used in America and is given in the same manner as 
stovarsol, and has apparently the same therapeutic properties and the same 
indications. Most American authorities advise a dose of 0*26 grm. twice daily 
in capsules (pulvules) for ten days. Both stovarsol and carbarsone may be 
administered per rectum in the form of retention enemata of 2 grm. in 200 c.c. of 
warm 2 per cent, sodium bicarbonate solution. Amibarson is a similar compound. 
All these are useful in cyst-passer cases. Sodium amytal, 3 gr., is used as a sedative. 

Kurchi and derivatives, — (a) Kurchi bark (containing an alkaloid, conessine) 
was formerly recommended, in 10 gr. tablets three times daily for a lengthy period, 
as after-treatment in intractable cases. It apparently has no specific action. 
{b) Kurchinine hydrochloride (Whiffen k Sons, Ltd.), a crystalline alkaloid fix>m 
kurchi bark, has been used both for oral administration and hypodermic injections 
in doses of jp-l gr. on three successive days. This has been supplanted by Kurchi 
bismuihous iodide (Anohin) which contains the total alkaJoids of the bcurk. 
According to Acton and Chopra it was given by the mouth in 10 gr. doses, twice 
daily for ten days without producing deleterious effects. Although the first 
reports were encouraging, it is not much used at present. 

Ao-sam, dispensed in tabloid form by Burroughs Wellcome, is prepared from 
the seeds of Bruoea sumatrana and has a reputation in the Far East. 

For resistant oases passing E, histolytica cysts, which are nqw occurring. 



604 


THE DYSENTERIES AND LIVER ABSCESS 


Rhoads has saooessfhlly used phenothiazine — 12 grm. suspended in 1} pints of 
warm water, as a retention enema. Three treatments are given on alternate 
days and produce little or no discomfort. 

Bivanol, a derivative of acridine, is injected per rectum, after a cleansing, non- 
irritating enema. It is diluted in distiUed water 1 in 500 to 1 in 2000 ; of this 500- 
800 c.c. at body-temperature is administered per rectum with the patient lying on 
his side* or in the knee-elbow position. A course of ten or more treatments is 
necessary. Rivanol is antispasmodio and antiseptic and is useful for the rebef 
of pain and tenesmus, especially in ulcerative colitis. 

Vioform, or enterovioform (iodochlorhydroxyquinoline), is somewhat similar 
to iodoform and contains 37*5 per cent, of io^e. It is administered by the 
mouth in gelatin capsules each containing 0*25 grm. (4 gr.) of the powder, three 
times daily, for ten days. In chronic cases it may be injected for ten days as 
retention enemata, each consisting of 150-200 c.c. of warm water in which 2 
tablets have been dissolved. 

Diodoguin (5 : T-diodo-^hydroxy-quinoline) contains 63*9 per cent, iodine, 
and has acquired a great reputation in America. Its action is similar to that of 
, vioform, but its absorption is more irregular and it is therefore more toxic. 
Tablets of 3*2 gr. are given by mouth, 10-12 a day for 20 daya. 

Of these preparations, carbasone and vioform have the best reputation in 
U.SA. but are contra-indicated if there is any liver involvement. 

Penicillin, in large doses, has a favourable effect on distressing, resistant and 
toxic cases, but none on the amoebse. 

Treatment of hepatitis, — During the course of amoebic dysentery, and 
for months afterwards, the liver must receive careful attention. It may 
not be possible to prevent abscess formation ; but if pain suggests it, an 
attempt to avert this grave complication may be made by giving repeated 
doses of emetine subcutaneously, saline aperients, rest, low diet, fomenta- 
tions, dry-cupping, and similar measures. Emetine *acts much more 
rapidly and specifically in hepatitis than in amoebic infection of the bowel, 
and in some cases aspiration of the liver (hepatic phlebotomy) has a 
wonderful effect. Usually a total of 6 gr. of emetine suffices to overcome 
the ‘more active symptoms. 

Perforation of amoebic ulcer, — To avoid fatal peritonitis, diagnosis of 
perforation of the large bowel should be made as soon as possible. This 
is usually very difficult. Two successful instances during the 1914-1 B 
war were recorded where timely operation saved the patient's life. 

Other coneideraiions, — Symptoms must be treated as they arise. 
Abdominal pain should be counteracted by hot applications, colic by a 
belladonna and bromide mixture {see p. 484), and tenesmus by morphia 
suppositories or starch-and-opium enemata. 

Diet, — ^A suitable diet in the convalescent treatment of amoebic dysentery 
is important after the combined quinoxyl and E.B.L treatment. Alcohol, 
unless taken in small quantities, cert^y predisposes to relapse. The 
foUowing diet is advocated for four weeks after active treatment : 

Porridge ; eggs; filleted or fried fish— haddock, plaice, cod, 
■ole or whiting ; toast or rusks ; milk puddings-^oe, sago, semolina, ground 
rice; spinach or young peas, vegetable marrow, cauliflower; plain cakes; 
j&uit jellies ; stewed pears or peaches ; baked apples ; bananas, grapes ; tripe, 
brains, sweetbreads ; chicken ; rabbit ; game. 

Nat permitted.---€hideee ; new bread ; potatoes ; fats ; suet puddings ; rich 
oskes with raisins or Bjpiwe ; pastry ; pickles. 
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Beverages . — Light wine only ? no spirits, beer, or stout. 

Meat . — Red meat, i.e., mutton or beef, can be permitted once daily. 

Surgical measures must be reserved for complications of amoebiasis, 
e.g. pericolic abscess. Heroic procedures such as cascostomy usually 
find no place in the treatment of intestinal amoebiasis. 

Prophylaxis of amoebiasis is practically the same as for bacillary 
dysentery, and depends upon efficient sanitation, measures directed 
against the housefly, and avoidance of imboiled water, raw vegetables, or 
other foods which may have been contaminated by human faeces. As 
cysts of E. histolytica can only survive in a moist medium, there is a con- 
siderable amount of evidence, experimental and epidemiological, that 
amcBbic infection is usually waterborne. The problem of dealing with 
human carriers of E. histolytica cysts is a constant difficulty. It is not 
likeljr to arise in countries equipped with a proper system of sanitation, 
but m no case ought a cyst-carrier to be employed as cook or mess orderly, 
or handle water supplies. Wherever possible, cyst-carriers should be 
treated by the combined method, though a prolonged course of carbarsone 
is sometimes effective. 

Quinoxyl, in pill or tablet form (4 gr.) at night, in tropical countries 
where amoebiasis is rife appears to act as a prophylactic measure as well 
as a satisfactory aperient. Diodoquin is also recommended. 

Efforts have been directed to exterminating amoebic cysts from con- 
taminated water supplies. This cannot be done by medicating the water 
with chlorine or chloramine, Spector, Baylis and GuUans proved that 
the best method of removing the cysts is by filtration through sand- 
filters, combined with coagulation. 

Complications of Aakebiasib 

1. HBPATIC ABSCESS (lIVBB ABSCESS; HEPATIC AMCKBIASIS) 

Geographical distribution. — Liver abscess of the type known as 
tropical abscess, for the most part a disease of warm climates, corresponds 
in its distribution with amoebiasis. "ftliile the entamceba is the principal 
(element in its production, its incidence depends probably on special 
susceptibility of the European to this complication. 

^Etiology. Belation to amcebic dysentery . — There can be no question 
of the existence of an intimate relationship between amoebic dysentery 
and liver absc^s. Many well-authenticated statistics, as well as everyday 
experience, attest this. In 8,680 dysentery autopsies made in various 
tropical countries, and collated by Woodward, 779 (21 per cent.) revealed 
abscesses of the liver. Extensive amoebic ulceration may exist without 
exciting any subjective symptoms whatever {see p. 490). Moreover, many 
patients suffering from liver abscess forget, or fail to mention, a previous 
dysenteric attack, or may mislead the physician by describing such an 
attack as ** diarrhoea,*' so that the relationship is much more intimate 
than even statistics indicate. In the great majority of cases dysentery 
antedates the abscess, it may be by as long as twenty years. 

Boce, sesc, and climate.— Though common in Europeans in the tropics, 
liver abscess is proportionately rare among natives. .Thus, ip the native 
army of India the proportion of deaths from liver abscess to the total 
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mortality in 1894 was only 0*6 per cent., whereas in the British army it was 
7*4 per cent. Man for man, the relative liability of the European and the 
native soldier is as 96*2 to 4*8. This disproportion holds in spite of the fact 
that a larger proportion of the natives are infected with £. histolytica. 

It is well known that European women in the tropics, though nearly 
As subject to dysentery as European men, rarely suffer from liver abscess, 
and children hardly ever. It is most common between the ages of 20 and 
40, though there are records of amcebic abscesses of the liver in Egyptian 
children of three months of age and of others in India of ten. The youngest 
in the Editor’s experience was an English girl of sixteen. 

Pathology. — It may be inferred from the symptoms that in the early stages 
of suppurative hepatitis there is general congestion and enlargement of the liver ; 
in some instances this condition may be more or less confined to one lobe or even 
part of a lobe. Later, as shown especially by observations on cases that have 
died from the attendant d 3 ?wntery, one or more greyish, iU -defined, circular 
patches, in. or thereabouts in diameter, are formed. These grey spots are 
very evident on section. A drop or two of a reddish, gummy pus may be ex- 
pr^sed from these necrotic patches. Still later, the centres liquefy, and distinct 
but ragged abscess cavities are formed. An abscess thus commenced extends 
partly by breaking down of liver parenchyma ; partly by more massive necrosis of 
portions of its wall ; partly by the formation of additional foci of softening in the 



Pig. 72.— Multiple liver*absce«ses from a case of acute amoebic dyMUtery, thowlng 
characteristic structure and zone of acute byperarmla. Quarter nat. size. 

neighbourhood and subsequent breaking down of the intervening septa. The 
walls have a ragged and tessellated appearance. As the abscess e^arges, so the 
zone of necrotic tissue becomes narrower. The character of the contained pus 
also changes during the evolution of the abscess, and it frequently becomes 
seocxidarily infected with streptococci and other cnganisms, when it assumes a 
brownish or greenish colour. 

Number, sise, and sUtuUion of abscesses , — Liver abscess may be single or 
multiple. If multiple, there may be two, three, or many. Wl^ siz^gle, the 
abscess sometimes attains a great size. J^quently it is as large as a oooo*nut, 
or even larger ; the entire liver even, with the exception of a narrow zone of 
hepatic tissue, has l>eon converted into a huge abscess sac. When multiple, the 
Individual abscesses are generally smaller, ranging from the size of a filbeii to 
that of an orange (Fig. 72). 

« As might be expected from considerations of the relative size of the parts* 
ringle abscess.is much more common in the right than in the left smidler lobe. 
The upper part of the right lobe might be termed the seat of election* 


Radiograph of dome of diaphragm in liver abscess. 

(Dr. Carmichael Low) 

IJVER ABSCESS. 


PlATK XIV 




Radio^aph of cretiAed abscess in right lobe of liver. 

(Radiograph by Dr. Af . Cordiner ) 

LIVER ABSCESS. 

PLATfc XV 
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Compeufiatory hypertrophy of the left lobe is commonly produced if there is 
gn^at destruction of the right. 

Adhesiofis to surrounding organs are frequently, though not invariably, 
formed as the al)8(x?88 approaches the surface of the liver. In this way the 
danger of intraperitoneal extravasation is usilally averted. 

Intestinal uU^Taiion usually oo-exists ; it may be very extensive, or confined 
to a few small punched -out ulcers, genera.lly in the neighbourhood of the csecum. 
Or, again, there may be no visible lesions of the mucous surface. 

Pulmonary inflammation and abscess from escape of liver pus into the lungs 
are sometimes discovered post mortem. Generally the pulmonary abscess com- 
municates with the mother abscess in the liver by a small opening in the dia- 
phragm, the pleural sac being shut oif by adhesions. (Plate XVI.) 



Fix. 71.— MicrotcepictI tectloii of liver abscess, showing Entamoeba 
at margm of abscess cavity surrounded by necrotic liver cells. 


Liver pus , — ^Tho naked-eye appearance of liver pus is peculiar, almost 
cliaraoteristic. When newly evacuated, it is usually chocolate-coloured, streaked, 
or mixed, with larger or smaller clots or streaks of blood, and here and there 
with streaks of clear mucoid yellowish material. It is so viscid that it will 
hardly soak into the dressings ; it lies on the surface of the gauze like treacle on 
bread, spreading out between the skin and the dressing, and finding its way past 
the e^ of the latter rather than penetrating it. When quite fi^h, here and 
there UtUe islands of what may be described as laudable pus may be made out in 
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the brown mass. Sometimes it contcdns considerable pieces of necrotic tissue. 
Occasionally, also, from admixture of bile, the abscess contents are green-tinged ; 
they are rarely offensive unless the abscess lies near the colon. Under the 
microscope many blood-corpuscles are seen, besides much broken-down liver 
tissue, large granular pigmented spherical cells, lecithin plaques, leucocytes, 
debris, oil globules, hsematoidin, occasionally oholesterin, Charcot-Leyden crystals 
and sometimes a few entamoebas. Cysts of E. histclyiica are never found. 

EntamcBbcB and other organiems . — ^In Egypt, India, and elsewhere entamoebao 
may be detected in half the cases. Usually they cannot be found in fresh liver 
pus, either aspirated or escaping during operation, but they appear, often in great 
profusion, four or five days later m discharges from the drainage-tube. Tliey 
may occur in strings of eight to ten. Unless the patient is treated with emetine, 
the amoebie may persist in the discharge until the abscess has healed. The 
Editor has succeeded in growing them on Drbohlav’s selective medium when they 
were not apparent in the pus. The longer the abscess has persisted the larger 
its size, and the more difficult it is to find amosbie (Fig. 73). The pus is bacterio- 
logically sterile, but occasionally may become secondarily infected by Bact. colt, 
hferaolytic streptococci and Bad. enteritidis. 

Encystmeni . — ^In rare instances liver abscess pus, instead of being chocolate - 
colour^ and viscid, is yellow and creamy, particularly when the abscess becomes 
encysted. The walls are thick, smooth and fibrous. In the course of time the 
contents become cheesy, and ultimately cretified until the cyst shrivels up and 
contracts (eee Plate XV). Calcified abscesses are occasionally found by radio- 
graphy, and do not give rise to symptoms. 

Bilaterality of the liver. — Until recently it was considered that no differ- 
ences existed between the right and left branches of the portal v€in, the hepatic 
artery and the hepatic ducts, although the right lobe of the liver is treble the size 
of the left. Cantlie in 1884 first noted hypertrophy of the left lobe of the liver 
consequent upon total destruction of the right. On this account, and also on 
account of the embryological development, it was suggested that the generally 
accepted anatomical division of the liver is incorrect and that it should be divided, 
not by the antero- posterior fissure, but by a line drawn from before backwards 
through the fundus of the gall-bladder to the spot where the anterior vena cava 
grooves the back of the liver ; this is the mid-line of the liver. This view is 
borne out by pathologioal studies and the results of injection of the portal and 
hepatic veins and hepatic artery (Mclndoe and Counseller). Gopher and Dick 
(1928) demonstrated that the (fistribution of the portal streams in the liver of 
the dog can be determined by injections of trypan blue, and that there are at 
least three distinct and separate curfents (streamline phenomena) in the portal 
vein. Hypertrophy of the left hepatic lobe ensubs upon partial or complete 
destruction of the right, a feature of considerable importance in diagnosis. 

The genesis of liver abscess. — Amoebic abscess of the liver appears 
to be the result of portal embolism from amoebic ulcers in the bowel. 
According to Bogers, the focus is usually in the right sector of the 
abdomen, either in the csBCum or ascending colon ; tb^ fact, therefore, 
aecomits for the common situation of such an abscess in the right hepatic 
lobe. Direct infection of the anterior surface of the liver may possibly 
take place froin an amosbie ulcer in the hepatic flexure, via the peritoneum, 
but &ere is no evidence to show that tlm constitutes the usual method. 
In omabic hepatUii, which is probably the precursor of amoebic abscess, 
there appei^ to be a massive amoebic portal infection. Probably the 
great majority of the organisms are destroyed by resulting tissue-reaction ; 
survivcmi multiply and cause necrosis of the surroundi^ liver ceDs and 
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thus constitute the starting point of a liver abscess. Cytolysis is brought 
about by the rapidly multiplying amoebae ; but ultimately the amoebae 
themselves are destroyed by the products of their own activity. Sterile 
amoebic abscesses at this stage are particularly liable to secondary infection 
with pyogenic organisms. As originally pointed out by Councilman and 
Lafleur, the primary lesion is central necrosis of the liver lobule, a prelude 
to subsequent abscess formation. 



Chart 23.~Ain<sbic abscess of liver. 



Chart abscess of liver. 

H«otic with tendencj to toitlan p^odidty. Dottod line = 


Symptoms* — There is great variety in the symptoms of liver abscess. 
As a general rule, the patient is one who has long resided in the tropics 
and who may at some time or other have suffered from subacute attacks 
dysentory. At first he becomes conscious of a sense of weight and 
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fullness in the right hypochondrium, and later suffers from sharp stabbing 
pains over the hepatic area, accentuated by coughing. 

Shoulder pain . — In a considerable proportion of cases a sensation of 
uneasiness or rheumatic pain around the right shoulder-joint is com- 
plained of, especially at night. Usually this is referred to the acromial 
region (appropriately termed, “ the liver wing ”). It is due to reflex 
irritation of the phrenic nerve, transmitted through the fourth cervical 
root firom which the supra-acromial and supra-clavicular cutaneous nerves 
originate in the cervical plexus, and it is comparable to that of diaphrag- 
matic pleurisy or gall-bladder disease. In left-lobe abscess pain is referred 

to the left shoulder-joint. 

General features . — Soon the patient 
becomes feverish, particularly to- 
f wards evening, and may experience 
a few short rigors. He begins to lo8(‘ 
flesh, and his complexion assumes a 
yellow, muddy tinge. A quotidian 
fever now becomes a regular feature, 
every evening reaching 102° F., and 
sinking to below normal in the 
morning (Charts 28, 24). The 
pvrexial bouts are accompanied by 
profuse sweats, necessitating fre- 
quent changing of clothing during 
the night. The patient is emaciated , 
his tongue furned, the extremith^s 
cold and clammy ; breathing is 
shallow and mainly thoracic. Some- 
times an actual swelling in the 
^Tigiwttrium may l)e observed over 
abscess. Discomfort 

_ ... , or deep-seated pain may be produced 

by deep I»tcu8^n 

of diest wait over the right hypochondnum. The 

lower border of the liver is usually 
enlarged below^ the costal margin ; 8ometimi*s, but less frequently, it extends 
upwards an inch above the normal, while posteriorly the dullnm can be 
detected from the angle of the scapula to the costal margin. It may be 
further observed that the upper line of dullness is arched, and is altered by 
changes in position, when the patient lies on bis left side or when he stands 
up. Deep inspiration may ^ve rise to acute pain, and sometimes one or 
two tender points may be discovered in the lower intercostal spaces. The 
spleen is not enlarged. On auscultation, pleuritic rubs may be detected 
at the base of the right lung, or signs of compression, such as inspiratory 
crepitations, decreai^ breath-sounds, or diminution of vocal fremitus 
may he noted at the base of the right lung (Fig. 74). Pain is usoally 
relieved by lying on the affected side (Fig. 75). 

In abseil of the left lobe a tumour of variable outline, sometime 
resembling in shape and position an enlarged spleen, may be felt in the 
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opi- or hypogastrium. Usually thore is some compression involvement 
of the base of the loft lung, but it must he remembered that such a tumour 
may, arise from compi^nsatory hypertrophy of the left lobe. 
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Fi%, 75.— Physical signs of liver abscess. 

Abope — Of right lobe of liver» cured by aspiration with Potain*s 
aspirator (0.7.25). 

r,iouooc>rti«, 9,000 ; IS. hiitoiptim cywin In hncoiu I H, baaiU iijr»fcolic 
murmur; l\N.— , pemiMlon note ; T.V.F. — tnetile vocal 

tmtuitoediminiitlitHi ; B.S. — , breeUMKiuiidii abeent ; creplUtiona. 

iiefoto— With hypertrophy of the left lobe, cured by aspiration 
of 55 ounces of sterile pus (21.12.21). 

rjcnacocytMi, 19,00<» ; IS. ki$tofytim cyet# In iiececu A.B. a|)ex*beat ; P.N. — , 
poroueekiti note itlminlibed ; T.V.r.— , uu^tilo v(ym) fmmitus (dUiuiniBbed ; 

B4. — , bmeth-sounde abeent ; CEBITS., carepitailoiui. 

As the case progresses, so the patient becomes more emaciated ; hectic 
vith drenching nocturnal sweats continue ; liver dullnesa and 
increase ; or general enlargement may subside, and percussion 
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reveal a local bxilging in an upward or downward direction. If the abscess 
which has now formed is not relieved, the patient may die worn out after 
months of illness ; or the abscess, having attained great dimensions, may 
burst into the right lung or pleura, or even elsewhere, and be discharged, 
with either recovery, or death from continued hectic fever and exhaustion 
or from some intercurrent complication. (Plate XVI.) 

The blood shows a well-marked leucocytosis of 15,000-36,000, though 
in some rare cases there may be no appreciable rise. The mean average 
of the differential count in the Editor’s series of cases is 70*8 per cent, 
polymorphonuclears ; 22*2 per cent. Ijrmphocytes ; 6 per cent, large 
mononuclears ; and 1 per cent, eosinophils. With liver abscess of long 
standing there is usually severe secondary ansBinia, and occasionally the 
blood changes may assume features of the pernicious type. 

In two exceptional oases of hepatic abscess recorded by the Editor the serum 
agglutinated etUeritidis in high titre, with co-agglutination of B. typhoBum^ 
and the former organism was isolated from the abscm pus as well as ^m the 
frsoes. 

Great variety in the urgency of sytnptoms . — Although the foregoing 
is a fairly common history in liver abscess, there are many instances 
in which the initial symptoms are much more urgent and the disease 
progresses much more rapidly. In other instances subjective symptoms 
are almost entirely absent, or so subdued that the true nature of the 
case may be entirely misapprehended until the abscess bursts through 
the lung or bowel, or a fluctuating tumour appears in the neighbourhood 
of the liver ; or, perhaps, until the unsuspected abscess is discovered on 
the post-mortem table. * 

Sometiines the initial fever is high, and persists for a considerable time, 
but later it usually becomes distinctly quotidian and intermittent ; some- 
times temperatures of 108® and 104® F. may be recorded. There is not one 
single cardinal sign which may not be absent in hepatic abscess ; thus, large 
collations of pus have been noted imaccompanied by fever. Marked 
rigors are rare but, when prt3sent, indicate threatened rupture through 
the diaphragm cr into some viscus. Sweating accompanying the pyrexia 
usually takM place about the head and neck. Enlarged cervical and 
axillary glands on the affected side may sometimes be noted, while 
rheumatic-like pains in, or swellings around joints, and clubbing of fingers 
have been described. Pain of some description is rarely absent. Usually, 
a sense of fullness and weight in the repon of the liver, or maybe referr^ 
to the infrascapnlar region, is complained of ; stabbing and stitch-like 
pains may be inoreased by pressure, and especially by deep inspiration 
or (xmg^bing. Localised pa^ul areas usually occur below the costal 
margin, and indicate that the abscess is pointing in that direction. Pain 
on swallowing, when the bolus traverses the lower end of the oesophagus, 
has been recorded. Pain on firm pr^ure with the finger-tips in an 
interc<Mtal space, and over a limited area, is a common and valuable 
localizing sign. Shoulder pain, in about one-sixth of the cases, may be 
the only f^ymptom and may be noted before the advent of fever. 

Attention m&r also be mwn to the respiratory symptoms ; a painful 
possibly doe to reflmr imtaticm of the diaphragm, may be prominent, 




Radiograph of liver abacess boratlng through the diaphragm Into 
baae of right lung, whence the pua la being evacuated through a branch 
of the light bronchua. A — collection of pua In pleural cavity; 
B— valve-abaped opening through diaphragm at alte of abaceaa In 
liver, {Radiograph by Dr. M. Berry.) 

LIVER ABSCESS. 


Rate XVI 
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while the respiration may be rapid and shallow. The patient usually 
lies on his back, inclining slightly to the affected side ; if the abscess is 
on the right, lying on the lejt side becomes distressing owing to adhesions, 
or possibly to pressure on the heart. 

The tongue is generally furred, the digestion disturbed ; flatulence 
and diarrhcBa are frequent. There may, but infrequently, be concurrent 
amoebic dysentery with blood and mucus in the stools. 

The heart may be displaced laterally or upwards by pressure of a large 
abscess. Tachycardia and cardiac irregularities may result from toxic 
absorption or from pressure. 

Rigidity of the upper part of the right rectus muscle may be noted 
if the abbess is situated in the vicinity of the gall>bladder. Percussion, 
besides eliciting tenderness and causing pain, may convey to the examiner 
a sensation of baUoUement as of percussing a thick-walled el^tic bag 
filled with air. The right upper superficial reflex may be diminished or 
absent. 

Swellings in the epi- or hypogastrium closely simulate intra-abdominal 
tumours, and in apyrexial cases of hepatic abscess their nature may not 
be suspected until they have been aspirated. There may be varicosity 
of the epigastric veins. Local opdenia over one or more intercostal spaces 
is sometimes apparent ; local bulging usually indicates the site at which 
the abscess is pointing (Pig. 74). 

Friction rubs, pleuritic or peritoneal, may sometimes be found ; while 
pneumonic signs at the base of the right lung indicate contiguity of the 
abscess to the diaphragm, (Edema of the feet occurs in advanced cases. 

The urine may contain albumin as the result of chronic pus-absorption. 
When considerable destruction of hepatic substance has taken place, the 
amount of urea is diminished and that of ammonia increased. 

Jaundice is not by any means common ; when intense it may be caused 
by pressure of the abs^ss on the bile canaliculi, or even the common 
bile duct. Quite commonly, however, there is latent icterus with slight 
yellow tingeing of the conjunctivas. 

The abscess may rupture into any contiguous organ, thereby producing 
spontaneous cure ; generally it ruptures into the lung or pleura. WTien 
into the lung, the abscess contents may be suddenly coughed up in mouth- 
fuls of frothy pus and blood : but usually this process is much more 
gradual and a few drachms are coughed up at a time, but in favourable 
cases tlie amount of expectoration gradually diminishes, .^moebic abscess 
of the lung — ^resulting from trans-diaphragmatic rupture^is apt to be 
mistaken for pulmonary tuberculosis. Amoebee are only exceptionally 
found in the expectorati^ pus, but usually striated muscular fibres from 
the diaphragm may be recognized. 

Expectorated Uver-pus is usually characteristic, being chocolate-brown 
and particularly viscid. 

Arrest of the discharge may not necessarily indicate recovery though 
cessation of the cough may be foUowed by rise of temperature and re- 
appearance of ni^t-sweats. Alternate emptying and refilling of the 
abscess cavity may recur many times befewre final recovery. In some 
cases expectoration never ceases, and is accompanied by other signs of 
34 
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pulmonary abBorption, such as respiratory distress and clubbed fingers. 
Sudden rupture is often accompanied by the passage of melasnic stills. 

Bupture into the pleurcr may lead to pleural effusions, wliich may 
simulate empyema. Aspiration of these cases may yield clear yellow 
and highly dbuminous pleuritic fluid. Pneumothorax may sometimes 
ensue. 

Hepatic abscess may rupture into the stomach, causing vomiting of 
pus ; into the boioel, causing diarrhoea and discharge of pus in the faeces ; 
or, with fatal results, into the pcf^ardium or peritoneum. Pericarditis, 
from close contact with intrahepatic suppuration, has also been recorded. 

Bupture into the gall-bladder, bile-ducts, hepatic veins, portal veins, 
inferior vena cava and pelvis of the right kidney have also been reported. 

Finally, spontaneous rupture may take place through the abdominal 
wall, and the abscess, by tracking along the round ligament, may empty 
itself. Ihe surrounding skin may thus become infected with amoebas. 

From a study of 50 cases of amoebic abscess under the Editor’s care 
it has been possible to set out the following table : — 


No, of paUenU. 

HifitiMy of previous dysentery . 30 

EntanuelHi histolptioa or cysts in fseoes 23 

Shoulder pain, right ... 22 

„ „ left ... 3 

Pyrexia, intermittent . 30 

„ remittent typhoid -like . 4 

„ sudden onset, with rigors 2 

Pyrexia absent 7 

Night-sweats . 40 

DyaerUerie infiltration of bowd — 

Bigmoid flexure 12 

C^um and sigmoid 4 

Enlargemeni of liver, upwards 12 

„ „ downwards 38 

Pain and tendemm in liver . 24 

Displacement of heart . 4 

Associated signs at base of right lung 38 

Pleuritic mb 0 

Rupture of abscess into lung 6 


Mortality.— Formerly the case-mortality was high, 50-80 per cent., 
but at the prei^t day, ipecacuanha and onetioe, recognition of the in- 
timate connecticm of liver abscess with amosbic dysentery, and improved 
methods for the evacuation of pus, have toought the mortality-rate to 
practical^ nothing. Death may be due to pressure on the abs<^, to 
rupture and gangrene of the abscess- wall, to pneumothorax, to pneumo u Pr, 
to associated dysentery, or to other interourrent disease. Eeoovery may 
fdlow enqrBtment or, possibly, abscuptjcn of the abscess. 

Diagnotto. — Of all the grave tropical diseases, none is so hi^uentiv 
overiooked as abscess of the liver. Acute sthenic cases are readily eoougn 
recognised ; not so insidious astiienio cases. 

Hie most common mistakes in diagnosis are : (1) Failure to leoognsae 
the presei^ of disease of any deecrlpti<m, even wlm an enormous absoeas 
oeeupiea tiie liver. (2) Ifismteipr^alion of the rignifleanoe and natme 



DIAGNOSIS OF LIVER ABSCESS 


615 


of a basal pneumonia — a condition often accompanying suppurative 
hepatitis. (8) Attributing the fever symptomatic of liver abscess to 
ra^aria. (4) Mistaking other diseases for abscess of the liver, and vice 
7?ers(i-~for example, non-suppurative hepatitis, such as that attending 
malaria subtertian ; suppurative hepatitis before the formation of abscess ; 
syphilitic disease of the liver — softening gummata which are often attended 
with hectic fever ; pylephlebitis : suppurating hydatid ; suppurating 
actinomycosis ; gall-stone and inflammation of the gall-bladder ; sub- 
phrenic abscess due to ruptured gastric or duodenal ulcer, or appendix 
abscess ; abscess of the abdominal or thoracic wall ; pleurisy ; encysted 
empyema ; pyelitis of the right kidney ; bilharziasis ; scurvy and similar 
blood-diseases associated with hepatic enlargement ; ulcerative endo- 
carditis ; kala-azar ; undulant fever ; trypanosomiasis, tuberculosis, 
and maUgnant disease. Any of these may be attended with fever of a hectic 
type, increased area of hepatic percussion dullness, and pain in or about 
the liver. 

Differential diagnosis from suppurative cholecystitis without the aid 
of a “ shadowcol ” examination may be particularly difficult. 

Cantlie originally classified pus in the neighbourhood of the liver into : — 

(1) Suprahepatic abscess ; 

(2) Intrahepatic abscess ; 

(8) Infrahepatic or subhepatic abscess. 

Suprahepatic abscess is not synonymous with “ subdiaphragmatic 
absc(‘ss ; ** it means the formation of pus between the layers of the broad 
ligament of the liver. 

Frequently, a correct diagnosis can be reached only by repeated and 
careful study of the case in aU its aspects. Golden rules in tropical practice 
are to think of hepatic abscess in all cases of progressive deterioration of 
health ; and to suspect it in all obscure abdominal cases associated with 
evening rise of temperature, particularly if there be an upward enlarge- 
ment of or pain in the liver, leucocytosis, and a history of dysentery — 
not necessarily recent. 

Low pneumonia of the right base in a tropical patient should always 
1)6 regarded with suspicion, for it may mean abscess of the subjacent 
liver. 

Perhaps the most common error is to regard the hectic fever of liver 
abscess as attributable to malaria. The re^arity with which the daily 
fevers recur, the daily chilliness, or even rigor, poming on about the same 
hour, the profuse sweating, and other circumstances so compatible with 
a diagnosis of malaria, all contribute to this mistake. So common is the 
error that Osier declared he hardly ever met a case of liver abscess which 
had not been drenched with quinine. The pericyiicity of fever, and a 
polymorphonuclear leucocytosis should obviate so serious an error. 

To mistake other forms of suppuration for liver abscess is not so serious, 
because in many suppurative diseases the treatment is the same as for 
liver abscess, and no bad result need follow if diagnosis is not quite accurate. 

Iiitrahepatio suppuration may supervene in ascaris infection, in melioi- 
dosis (p. 282), in ascending pylepUebitis secondary to appendix abscess, 
in divertioulitis and, rarely, in i^ections with hsemolytic Staphylococcus 
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5, or very exceptionally bacillary dysentery. Suppurating 

abscesses have been reported secondary to duodenal ulceration and enteric 
infections. Carcinomatosis of the liver, unaccompanied by jaundice, 
may simulate amoebic abscess. A right perinephritio abscess may have 
to be considered. In subdiaphragmatic abscess caused by perforation 
of a- gastric or duodenal ulcer, m abdominal swelling can usually be 
recognized occupying a triangular area on the affected side. Gas is 
usually present and can be recognized by a resonance in the upper part 
which serves to distinguish it from liver abscess. 

Pancreatic cyst elevating the left (less often the right) lobe of the liver 
may imitate an abscess, but it is not necessarily accompanied by fever. 



Fig. ’Visiiallzation of aniceMc Hver ai»fC€fi by pimcttire and Injectloa 
of ttpiodol in erect posifloB. [Afttr Snapper, Chineoe LoMono to 
Western Medicine.’* 

As a rule, it forms a definite tumour of considerable size in the left hypo* 
chondriura. Solitary non-para»itic cysts of the liver or polycystic disease 
nmy also have to be considered. Phantom tumour may give rise to 
difficulty, but this gr^ually disappears under a general anssstbetio. 

A smous error is to overlook the presence of leucocythiemia, kala-asar 
pemidous anscmia or scurvy, and to proceed to aspirate an enlarged 
fiver on the supposition that the sjpnptoms arise from abscess. 

Amcebic of the liver which has ruptured throuc^ tlie diaphragm 

may have to be diflerfntiated from many other pahnonary ooiiditions« 
as broneho>pneumonia, tnbercnlosis, actinomycosis, and malignant 
disease of the lung. 
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The presence of EntanwBha histolytica cysts in the faeces is suggestive 
but by no means conclusive, of amoebic abscess. They are usually found 
in about 45 per cent, of all cases. Occasionally they may be cultured 
from the faeces in cases in which they are not visible under the microscope. 

X-ray examination may confirm the upward enlargement in the liver, 
and bulging and “ tenting ’’ of the right dome of the diaphragm. Screening 
usually shows that it does not move on respiration (Plate XIV). Should, 
however, the abscess be situated in the centre of the liver, even if of 
considerable size, no definite information is usually obtainable by radio- 
graphy except when the abscess has become partially encysted or calcified 
(Plate XV), when the outlines become apparent by X-ray. Occasionally, 
however, the outline of the liver abscess may show up as a more opaque 
area in the liver substance affording exact location for the exploring syringe. 
Occasionally, too, especially after inspiration, air, or possibly oxygen, 
appears in the abscess cavity and shows up the fluid level. Injection 
of air through the aspirating syringe has been practised with success, 
while lipiodol injection facilitates visualization (Fig. 76). The outline 
of the diaphragm is blurred when the abscess is near the upper surface 
of the liver. Normally the upper margin of the hepatic shadow forms 
a right angle with that of the vertebral colunui, but when abscess is 
present this may become more acute. 

The bromsulphalein test, as an indication of hepatic disease and liver abscess 
has so far proved disappointing. The bevnlose tolerance test is more satisfactory, 
especially if taken in association with decrease of plasma proteins and response 
of hypothrombinsemia to injections of vitamin K. 

Diagnostic aspiration , — To make the diagnosis of liver abscess certain, 
aspiration must be performed. When the needle enters the liver, an 
up-and-down peqdulum-Iike movement will be communicated to its outer 
extremity, in harmony with the rising amd falling of the organ in respiration. 
If the needle does not exhibit this movement, its point may be in an 
abscess cavity, but such an abscess is not in the liver. 

Pro^osis. — The prognosis in early operations on single abscess of the 
liver, provided there is no dysentery or other complication, is good. In 
multiple abscess, or in single abscess, if there is active dysentery or other 
serious complication, the prognosis is bad ; if there are more than two or 
three abscesses, it is usually hopeless. 

The question of rehim to the tropics after recovery from liver abscess 
frequently crops up. If feasible, and if the patient hsis not to make too 
great a sacrifice, he ought to remain in a temperate and healthy climate. 
There are many instances, however, of individuals who have enjoyed 
permanent good health in the tropics after recovery from liver abscess. 
Before return the bowel should be thoroughly cleansed of amosbio infection. 
Neglect of this precaution may lead to remfection and recurrence seven 
years after the formation of the first abscess. 

Treatment. — Hepatitis which has not proceeded to abscess-formation 
should be treated, especially if dysentery be present or has been ante- 
cedent, with full doses of emetine, repeated once or twice a day for two 
three days or longer, by a cautious use of the purgative sulphates. 
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and with poultices, rest, and low diet {see p. 602). Emetine should be 
injected in 1 gr. doses lip to a total of 12 gr., and if cysts of E* histolytica 
are present in the stools, by a combined course of E.B.I. and qninoxyl. 
If there be much pain, relief may be afforded by either wet- or dry-oupping 
over the liver, or by leeches. Ammonium chloride, 20 gr. doses, three 
times daily, is commonly prescribed. 

When rigor, or hectic fever, or local bulging, or persistent fever and 
local symptoms give ground for suspecting that abscess has formed, 
active medication must bo suspended, and measures taken without un- 
necessary delay to locate the position of the pus by the aspirator. 

Preliminary aspiration , — When he uses the aspirator the surgeon must 
be prepared to continue until all the pus is evacuated, or under exceptional 
circumstances, to operate. 

Deep cocaine anaesthesia usually suffices, but nervous subjects should 
have gas and oxygen. A medium- or full-sized aspirator needle should be 
used, as the pus, owing to its viscidity, may not flow through a cannula of 
small bore. 

If there are localizing signs, such as a tender spot, a fixed pain, localized 
oedema, localized pneumonic crepitus, pleuritic or peritoneal friction, 
these should be taken as indicating, witli some probability, the seat of the 
abscess and the most promising spot for exploratory puncture. If none of 
these localizing signs is present, then, considering the fact that the 
majority of liver abscesses are situated in the upper and back part of the 
right lobe, the needle should, in the first instance, be inserted in the an- 
terior axillary line in the 8th or 9th interspace. The needle should not 
be inserted more than d| in. The distance of the inferior vena cava from 
any part of the chest wall is 4 in. The needle swings when the liver is 
engaged and, as it swings, it should be pushed gently forwards. The 
operator knows he is in the abscess cavity, because the needle is felt to 
pass into space. The syringe should then he affixed and aspiration com- 
menced. Effusion of serum into the pleural cavity immediately adjacent 
to the liver abscess sometimes occurs. 

In c486s with cardiac or pulmonary embarrassment, aspiration can 
be efficiently carried out under local infiltration of skin and muscles 
with 2 per cent, novocain, to which is added 1 in 1000 adrenalin in the pro- 
j^rtion of 10 drops to the ounce. The passage of the needle through the 
Uver substance is painless. Should, however, the abscess point into the 
abdominal cavity, a general anaBstbetic is advisable, for an open operation 
may become necessary. Occasionally the pus proves to be so thick that 
complete evacuation takes an hour or more ; in these ciroumstances eusol 
in saline (half-strength) should be injected into the abscess cavity to 
dilute the pus. 

An aftor course of combiued emetme-bismuth-iodide and quinoxyl 
should be given to eradicate the amoebic mfeetion from the t^weL 

Open operaHons . — The indications fmr opm operation are : — 

(1) When after repeated aspiration no pus is obtained^ but indioa* 
tions of its presence are too strong to be ignored. 

IVben an abscess points in the eingastrium, t.s., is situated 
in the left lobe of the &ver« 
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(8) When there is a large amount of pus which has been secondarily 
infected and has not yielded to treatment by aspiration. 

The route for opening the thoracic or abdominal wall varies according 
to circumstances as follows : — 

TranaperiUmedl route, — When pus is struck below the costal margin, the 
aspirator needle is left in situ and the abdomen is incised for a length of 8 in. 
(Kooher*s incision), the intestines being guarded with packing. K adhesions are 
present, a sinus forceps is directed along the needle and pushed through into the 
abscess, and the blades are opened after withdrawal of the needle. The finger 
should be inserted into the abscess cavity. When the first gush of pus ceases, 
the exit is lightly plugged with gauze, the margins of the liver wound are ccurefully 
sutured to those of the parietal peritoneum, and the remainder of the wound 
closed. The gauze plug is now removed, and a wide drainage-tube, provided with 
a flange and lateral openings, is introduced to the bottom of the abscess cavity. 
Some surgeons use a wide-bore drainage tube, such as Tudor-Edwards empyema 
tube drain, pushed right to the bottom of the cavity to prevent extravasation. 

Transpleural route, — Should the abscess be struck through an intercostal space, 
a couple of inches of (the 8th and 9th) ribs had better be resected. The dia- 
phragm should then be stitched to the thoracic wall, or, better, to the skin as 
well, when the abscess may be opened with a forceps. An attempt should be 
made to stitch the capsule of the Uver to the diaphragm. Should the pleura 
be opened, pneumothorax will result, but this is not necessarily serious. On no 
account should pus be permitted to enter the pleural cavity. 

Sometimes it is simpler to expose the ribs and denude them of tissues. An 
iodine gauze pack should be inserted underneath the ribs and left for 3 to 4 days. 
Artificial adhesions are formed in the costophrenic sinus by a process of aseptic 
inflammation. Shears are then used to resect the ribs. Post-operative drainage 
is ensured by sinus forceps and a wide-bore tube. Dakin’s solution may be us^ 
to irrigate as it exerts a solvent action on the liver abscess wall. 

Treatment after operation, — For the first two days after a liver abscess has been 
opened the dirohaige is considerable, and the dressing may have to be changed 
frequently. Very soon, however, should the case do well, the discharge n^pidly 
diminiahea, and the dressing requires renewal only every other day, or every 
three mr four days. During the first week the diainage-tube, provided it be 
acting efficiently, should not be disturbed, more particularly as it may be difficult 
to replace. Later, it may be removed and cleaned, and, when discharge has 
practically ceased, cautioi^y shortened. It is a great mistake to begin shwtening 
the tube before it is being pushed out, or so long as there is any appreciable discharge. 
If there is the slightest indication, such as rise of temperature, that pus is being 
retained, the drahiage must be rectified and the sinus, if necessary, dilated with 
forceps and finger, and a full-sized drain^-tube intr^uoed as far as it will go. 
If this does not suffice, a counter-opening may have to be made. Dday in 
remedying imperfect drainage is a serious-^ may be fakdrsrror. 

Should an abscess be fm^ septic, or should it become so, it must be flushed 
out didly, or twice a day, with a wc^ non-mercurial antiseptic, and a counter- 
opening made if necessary. Continuous drainage by the Carrel-Dakin tube 
method and daily ensol irrigation are often very sucoeesfiil. Where there is a 
thick necroric zone delimiting the abscess, this continuous irrigation is highly 
necessary, and in order to dimlve the thick pus the injeotimi of a ferment — 
enzymol (FairohUd) in the strength of I drachm to the ounce of water — is ue^ul. 

After a liver abscess has been op<med and is draining well, temperature ra]^dly 
fiUls, and in a few days, or almost at once, beoomes normal. Shopld fever 
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persist, it is to be inferred either that the drainage is inefficient, or that there are 
more abscesses in the liver, or that there is some complication. If another 
abscess is suspected, it should be sought with the aspirator and, if found, drained. 

It is advisable to give emetine in 1 gr. doses hy]^ermically, both before and 
after operation, and continue it for a fortnight, whichever operation is employed. 

Discussion of the recognized methods of treatment of liver abscess.-r-* 
The question is frequently and very reasonably asked why so many methods of 
treatment, medical as well as surgical, are employed in the treatment of liver 
abscess, and why some abscesses respond to injections of emetine while others are 
in no wise influenced by this drug. The answer appears to the Editor to be moder- 
ately simple. Aspiration of the abscess cavity by Potain's aspirator is the safest 
and most easily executed method. Sometimes more than one aspiration has to 
be carried out and an electric sucker may have to be employed. In the Editor’s 
experience 28 per cent, of cases diagnosed as hepatic abscess resolve with emetine- 
therapy (12 gr.) foUowed by the E.B.l. and quinoxyl combined treatment. In 
these, probably, the formation of pus has not been extensive and the amosbie are 
still active in the liver tissue. In 47 per cent., aspiration with Potain’s aspirator, 
combined with emetine treatment, is successful. There still remains a proportion 
of oases (25 per cent.) in which open operation has to be resorted to, and emetine 
therapy has no appreciable effect whatever. These are the oases where either a 
large amount of pus is present or it is secondarily infected with streptococci or 
other organisms. It is disappointing to have to record that previous treatment of 
intestinal amosbiasis with E.B.l. and quinoxyl does not always prevent subsequent 
development of hepatic abscess. 

Treatvient of abscess discharging through the lung . — If an al^scess is dis- 
charging through the lung and, although emetine has been freely adminis- 
tered, is not progressing favourably, the questibn of more efficient drainage 
by surgical means must be considered. There are two possibilities which 
rmider interference desirable : (a) Continued discharge of pus and blood, 
with or without attendant hectic fever — a condition which, if it persist, 
will, in all probability, in the end, kill the patient, [b) Not infrequently, 
prolonged discharge through the lung may induce fibrotic changes, pneu- 
monia, or abscess with all its attendant dangers, such as thrombosis or 
abscess of the brain. (Plate XVL) 

In all cases of absce^ discharging through the lung a careful register 
should be kept of three things — Iwdy-teniperature, daily amount and 
character of expectoration, and, once a week, the weight. If temperature 
keep up, if the amount of pus continues the same or increases, or if the 
patient continues to lose w^ht, an attempt should be made at all risks 
to reach and drain the abscess from the outside. If temperature remains 
normal, if pus gradually or intermittently decreases, and if the lx)dy-wei^t 
if maintained or increases, operation is unnecessary, or, at all events, 
should deferred. 

Medical treatment with full doses of ipecacuanha and emetine, main* 
tamed over a long period, generally exerts an almost miraculous effect 
and renders operative interference unnecessary. 

In exploring the liver in such cases, it must be borne in mind that most 
likely the abscess cavity is collapsed, and that the sides of the abscess 
may be in contact. Such an abscess is not likely to be discovered unless 
the needle be thrust into its full extent and, whilst a good vacuum is being 
maintained in the aspirator, slowly withdrawn. If by good fortune the 
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abscess has been traversed, then, when the end of the needle is crossing 
the cavity, a small amount of pus will be seen to flow. 

Treatment of abscess rupturing irUo a serous cavity . — When there is 
evidence that an abscess of the liver has ruptured into the peritoneum, 
into the pleura, or into the pericardium, the particular serous cavity 
involved must be opened and at once treated on general surgical principles ; 
otherwise the patient will almost surely die. In the circumstances the 
surgeon will be justified in assuming great risks. 

2. AM<EB1C ABSCESS OF THE BRAIN, SPLEEN AND EPIDIDYMIS 

According to Armitage, 48 cases of amcebic abscess of the brain have 
been recorded, for the most part from Egypt. Like hepatic abscess, it is 
more common in men than in women. It is generally solitary, and may 



Fig. 77«— Amoebic granttfomt and ukeratioii of abdominal parietes surroanding 

colostomy. 

be regarded as a metastasis of hepatic abscess. The pressure symptoms 
resemble those of a cerebral tumour, and the abscess ia. invariably fatal. 
Amoebic abscess of the spleen was recorded by Rogers and others post 
mortem. Abscess of the epididymis was reported from China (Warthin). 

8. AMCmiC INFECTION OF THE SKIN AND SUBOUTAKKOtTg TISSUES 

Since 1892, it has been kpown that the skin may be subject to amcebic 
invasion in the vicinity of a discharging liver-abscess sinus. Amoebae 
have b^n demonstrated in sections of the skin, and they are susceptible 
to emetine. Gangrenous lesions of the abdominal wall and perineum 
have b^ described from time to time, especially by Eugman and Meleney 
(1981), while Hsu, in China, described a series of four^n cases and showed 
that the condition is by no means rare. The Editor treated one such 
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case, in which the parietes in the vicinity of a colostomy and the abdominal 
wall were involved (Hg. 77), with disc^aige of foetid anchovy sauce pus. 
The patient was proved to have active amoebic dysentery. Extensive 
gangrenous destruction of the buttocks and skin of the back was seen in 
St. Mark*s Hospital, London, in an ex-soldier who had served in India 
fifteen years previously; though he had never suffered from clinical 
dysentery, E. histolytica cysts were present in the fsBces. The lower 
part of the rectum, the pelvic floor and the perineal tissues had been 
destroyed. Response to emetine therapy was quite remarkable. (Fig. 78), 



Hg* 7S.— AmeWc tticeralleii of fkin. Ukeratfon of tacntin, coccyi 
and pafincum. (If. B, Qahrid. Trana. Rmf, Hoc. Trap. ifci. 

“ /. 1933, $2 221) 

Amasbiagis eidis is a secondary infection of papillomata around the 
anus* The lesimis have a ponched-out appearance, and resemble in 
this respect intestinal amoebic lesions. 

4. UatHAEY 

A number of uncaritical papers have appeared desoribiiig as amoriMs 
pcoatatie or other inflammatory oelk which may be pieaent in lobamite cy a tfe 
or prosta^di. When A. hisUiyUca in vegetadve form is present in t^ ledne it 
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comes through a fistula between the bladder and the ulcerated rectum, as in the 
case reported by Craig (1911). Amoebic ulceration of the urethra in the male, as 
well as of the cervix uteri in the female, has been reported by Hsu in China, and 
amoebae have been demonstrated in the tissues in microscopic sections ; E, 
hisklyiica in the urine may be derived from this source. 


6. PULMONARY AMCEBIASIS 

This type of case is distinct from 
pulmonary abscess secondary to that 
of the liver where infection of the lung 
tissue results from direct extension of 
the hepatic abscess or by rupture into 
the bronchus. 

In • primary pulmonary amoebiasis 
the amoeb© reach the lung by direct 
embolism from the bowel. Having 
gained the pulmonary circulation, they 
form firm nodules, which later break 
down into small abscesses. The 
symptoms produced closely resemble 
those of a fugitive broncho-pneumonia, 
or some form of tuberculous infiltra- 
tion. 

These patients, who have been at 
some time the subjects of amcnbic 
infection, suffer from pulmonary 
symptoms, with profuse purulent 
expectoration, sometimes tinged with 
blood, and respiratory distress with 
intermittent pyrexia. They are apt, 
however, to have rigors, which may 
serve to differentiate the condition 
from other respiratory diseases. The 
phjrsical signs vary, but are usually 
those of broncho-pneumonic consolida- 
tion, detectable at the border of the 
scapula, especially on the right side. 

Skiagraphy may be of little avail in 
diagnosis. Amceb® are not found in the 
sputum. There is, as a rule, a distinct 
leucocytosis. The response to emetine 
treatn^t is rapid and almost diag- 
nostio (Chart 25). A full course of 
injections slmald be given. 

BAIJtNTIBIAL DySENTERY . 

The ooeaskma] oommenoe of Bakmiid^ 
ium coU In the fboes, partioukrly in 
assodatlmi with dysenteric diarrhoea, has been recognii^ for the last fifty years. 
It Is only since Sttong and Mnsgrave oalkd attention to this sahj^t that 
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Balantidium coli has come to be regarded as the germ cause of a particular type 
of colitis resembling in many respects amoebic dysentery. The parasite has b^n 
studied from the zoological standpoint, more especially in temperate climates, 
but it seems probable that extended observations will show that it is equally if 
not more prevalent in warm climates. It is a common parasite of the pig, and 
produces a fatal form of dysentery in monkeys in captivity and especially chim- 
panzees. Human cases have been reported all over the world, but especially 
from Germany and France, in those who tend domestic pigs. It is thought that 
cysts are transferred from the hands to the mouth during the handling of the 
intestines of infected animals. Mackenzie and Bean (1938) recorded the frrst 
case in England in a mental patient, and a second has been described. 

How it attains the human intestine is not known, but as it is a common parasite 
of the pig, these animals should be regarded as the usual source of infection. 
Balantidium may live for a considerable time in water or faeces (one hour to three 
days). In liquid stools it exhibits great activity, indulging in locomotive as 
. well as in rotary movements. For further description, see p. 877. 

Geographical distribution. — Balantidiasis in man has been recorded from 
Russia, Scandinavia, Finland, Ormany, France, Austria, Holland, Italy, Spain, 
Siberia, China (Tsingtau), Georgia, the Philippines, Cochin China, Andaman 
IsUnds, Sandwich Islands, Egypt, and the Sudan. Cases have also been reported 
from North America, North and South Carolina, Brazil, Porto Rico, Cuba and 
England. 

Pathology. — There is little or nothing to distinguish the gross as well as the 
microscopic pathology from that of amoebic ulceration. The organisms have 
been found by Strong, Martini and Walker in the mesenteric glan^ In thirty 
autopsies a variety of dysenteric lesions, from catarrhal congestion and diph- 
theritic patches to extensive ulceration, have been described. On section. Strong 
demonstrated the balantidium, not only in exudates on the surface of the bowel, 
but congregated in large numbers in the follicles, or embedded in the tissues 
forming the base of the ulcerations, including the submucosa and muscular coats, 
and even in the lumen of blood-vessels and lymphatics. The early lesions are 
minute hssmorrfaages ; later, ulceration and abscesses appear. Bowman stated 
that the colon throughout its whole extent may be a mass of ulcers from which 
hang shreds of necrotic tissue — lesions resembling those of amcebic dysentery. 

Symptoms. — ^These are, in the present state of knowledge, indistinguishable 
from those of amoebic dysentery. The disease is chronic,^ its special nature 
being discoverable only on microscopic examination of the stools. Generally, 
only one or two balantidia are found, but as many as twenty may be seen in 
every field of the microscope. The blood usually shows no change ; there is no 
leucocytoais and the polymorphonuclears represent 70 per cent. The ulcerations 
in the bowel, revealed by sigmoidoscopy, resemble those of intestinal arocsbiasis as 
described by Mazza, Alvi^ado and ^hurmann (1032). The mortality in 111 
I ooUeoted by Strong was 20 per cent. 

Treatment — Walker found that organic oompounds of silver are effbotive 
in eradicating the infisotkm. Thymol 1^ been recommended, and oil of oheno* 
podinm, as in ancylostomia^ has been reponrted to be sueoessfuL Young and 
Burrow (1043) cured seven oases with carbasone, 0*26 grm. twice daily for 10 
days. Ilik should be repeated if there is, relapse. Yered tried a new remedy-* 
cai^inase-« watery extract of Jacaranda deatfrens^ 26 grm. in 600 o.o. of hot 
water, whkdi is given as rectal lavage for three weeks. Methykiie blue enemata, 
3 {dnts of a 1 per cent, solution, m claimed to give good fesulto. Wesifdtal 
praises hydrochloratc of a<ridtne. 
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HI. HELMINTHIC DYSENTERIES 

Bilharzial dysentery . — Adeno-papillomata or ulcerations of the large 
intestine evoked by passage of eggs through the intestinal wall, are found 
in BiViarzia viansoni, B. japonica, and exceptionally in B. hceniatobia 
infections. The dysentery thus produced is met in those countries in 
which the parasitc^s occur. 

The stools contain yellow or bile-stained mucus with clots oi streaks 
of blood, in which the bilharzia eggs can be found under a low power of 
the microscope. Eosinophilia associated with symptoms of dysentery 
is highly suggestive, and diagnosis should, if possible, be confirmed by the 
discovery of the characteristic eggs in the faeces. Sigmoidoscopic exam- 
ination should help in doubtful cases. Pathologists should bear in mind 
that eggs are more easily found in the outer zone of solid fasces than in 
more central portions. Usually, pus cells in the faeces show a high propor- 
tion of eosinophils. 

Infection with CEsophagostomum apiostomum and O. stephan- 
ostomum (p. 914). — These are rare intestinal parasites of man in Brazil, 
Northern Nigeria and Central Africa. ^Mien numerous they may give 
rise to dysenteric symptoms. The adult worms encyst under the sub- 
mucosa, and may, together with their eggs, be recognized in the dysenteric 
discharges. 

Infection with other helminthic parasites.— Chronic diarrhoea and 
possibly dysenteric attacks have occasionally been noted in intestinal 
infections with Fasciolopsu busldi (p 879), Paragonwms westemianii 
(p. 884), Heietophyes heterophyes (p. 883), and Strongyloides stercordis 
(p. 917). 

DIFFERENTIAL DIAGNOSIS OF THE DYSENTERIES 

Mixed infections of different forms of dysentery may, of course, occur 
in those countries in which these diseases are endemic. 

Combined infections of amcebic and bacillary dysentery are the most 
frequent. Such cases do not usually occur in temperate countries but 
during the course of severe epidemics of bacillary dysentery, when bacillary 
infection may be grafted upon some long-standing amoebic ulceration of 
the bowel. On the other hand, this dysentery may be follow^ed by amoebic 
invasion of the bowel, which makes diagnosis still more difficult. 

Bacillary dysentery occurs quite commonly as a terminal event in 
intestinal bilharziasis, and anuebic ulcers may sometimes be associated 
with the same condition. 

Giardiasis.^ — Of the intestinal flagellates which appear in the fasoes, perhaps 
Giardia {LarMia) inUstinaiis has the best claim to be regarded as pathogenic. 
The usual habitat of the parasite is in the upper part of the smaU intestine, but 
it may also heavily infest the duodenum. When newly passed in the fasces it is 
very active, presenting a oharaoteristio appearamoe. During the passive staiges 
cysts appear in the faeces in enormous numbers, and may be associated with 

^ CUirdiasis or latnblisais is montioned tn this section for the sake of completeness, although 
the diarrhoMl associMd with the panaite cannot strictly be claastfled as a dysentery. 
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those of E, hiHolytica, They are generally found in 4-16 per oent. of normal 
natives of the tropics. Other species are found in mammals and in reptiles, 
and one in the mouse, Qiardia muris, is closely allied to the human parasite. 
In children in Northern countries giardia infection is three times as common as 
in adults. (In America 48*1 per cent, of industrial school children.) For a 
description of (?. intestinalis, see p. 876. 

In England and in Canada the parasite has been found in the intestine of quite a 
large number of normal children, while Boyd, Silverman, and others have shown 
that it can occasionally be demonstrated in the duodenal juice, bile, and gastric 
contents. 

Some regard this parasite as pathogenic on the grounds that it is found in 
large numbers when the stools are liquid, and that quantities of mucus are passed 
containing active parasites. 

Giardia infection is associated at times with a type of recurring diarrhoea 
accompanied by abdominal discomfort. The stools may be of a peculiar clay 
colour and pultaoeous consistence, and may resemble those of sprue, or in English 
children of coeliac disease (R. Miller, 1926). Fat absorption has been found 
defective and excretion of bile below normal ; both are attributed to mechanic^il 
effects of these parasites on the intestine. After these attacks, the encysted forms 
of G. intesiinaiis are present in large numbers in the fieces. Relapses tend to 
occur periodically, but eventually tolerance is acquired. Flatulence is almost 
invariable. In the acute stage the abdomen is tender and there is general dig> 
comfort. Veghelyi, who made observations on children in Budapest, described 
anorexia, hea^ches, dizziness, abdominal pains, and anaemia. The attack is 
not accompanied by emaciation, and symptoms probably originate from 
mechanical irritation, not from destruction of the mucosa, though’ in mice, in 
which similar parasites cause diarrhoea, they may penetrate the submucosa. 
Giardia infections are intractable and may persist for years. Hegner thought 
that the number of these parasites is dependent upon the diet as they tend to 
disappear from the fseces when the patient is fed on a protein dietary. 

Treatment. — It is difficult to be certain of complete extirpation of 
these protozoa, for giardia frequently reappear in numbers in the fa*ces 
after an absence of several months. Apparently the parasito itself is 
subject to periods of great activity followed by periods of quiescence. 

Aiebrin (mepacrhw, quinacrim) is specific both for the active phases of 
the parasite and for the cysts. This claim, originally put forward by 
L. Brumpt, has been abundantly confirmed from many sources. The 
parasites disappear from the fs^ces after a course of 0*1 gnn. three times 
daily for 5-7 days, in adults ; though in children two tablets daily suffice. 
Sometimes it may prove necessary to repeat the course. Probably 
giardia is mildly pathogenic, because associated symptoms also disappear 
after treatment. German and Scandinavian authorities prefer Acranil, 
the hydrochlorate of an acridine compound, in doses varying from 0. 25 grm. 
dafly for children under two, to 1 *5 grm. daily for 5 days in those over 
ten. This drug is said to be more easily tolerated than atebrin. 

OTHER FORMS OF BIARRHCEA AND DYSENTERY ASSOCIATED WITH 
INTESTINAL PARASITES 

The common intestinal flagellates. Trichomonas iniesUnaUs mid ChUomasim 
mssniU {see pp. 872-874), thouj^ oeoturing oommonly in diarrlueio and dysenteric 
sUxAb, have little daim to pafiiogenioity. They are freq^ientfy present in lii!ge 
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numbers in the fluid faBces of patients convalescing from bacillary or amoebic 
dysenteries. Probably the presence of large numbers of these flagellates in the 
bowel contents is due, to a great extent, to the fluid medium, in which they 
flourish ; but when a case of chronic diarrhoea is encountered and no other obvious 
signs can be found, and where large numbers of active flagellates are lashing 
about in liquid faeces, it becomes diMcult not to assign some pathogenic properties 
to these apparent agents of disease. Hence the term Flagellate Dysentery 
has arisen — a term which probably indicates that the host has been exposed to 
abnormal intestinal infection. These organisms usually disappear after vigorous 
lavage of the bowel by irrigations of 2 per cent, sodium bicarbonate combined 
with stovarsol (gr. 4), or spirocid, in similar dose — ^two tablets daily for eight to 
ten days. 

Spirochsetal dysentery is attributed to the presence of numbers of spirochsetes 
in the intestinal canal. These organisms, composed of three or more simple 
spirals, are known as SpiroduBta eurygyrata^ but they are not usually regarded as 
pathogenic. 

Intestinal coccidiosis has to be considered, especially Isospora hominis 
{see p. 876), which causes diarrhoea, with mucus and Charcot-Leyden crystals in 
the fsBces. Cases of this infection have been reported from all over the world, 
especially from the Near East and the Dutch East Indies. 

Malarial dysentery. — blood-stained discharge or, more frequently, 
hesmorrhage, may occur in the abdominal forms of subtertian malaria. The 
blood pas^ is very dark, due to petechial haemorrhages from the intestinal 
mucosa. These are, as a rule, very serious cases. Instances were recorded 
by the Editor in which malaria was first suspected from discovery of the subtertian 
parasite within the red blood-corpuscles in the feeces. Besides the haemorrhagic 
faeces, malaria should be suggested by the clinical aspect of the patient, sweating, 
icteric tint of solerotics and skin, enlarged spleen. V ioUnt diarrhcea may at times 
be the one outstanding clinical sign of an intensive subtertiam infection. 

Kala-azar dysentery. — Blood and mucus may be passed in the faeces in 
advanced oases of this disease, which may be due to an ulceration of the bowel 
by Leishman-Donovan bodies. The parasites are present in large numbers in 
the villi of the small intestines, and may form polypoid masses in the mucous 
membrane of the large intestine, whence they escape into the faeces. 

Other conditions which may resemble dysentery.— There are other 
perhaps more familiar conditions, not necessarily of tropical origin, in which 
dysenteric symptoms may occur. 

Of all common diseases with which mild dysentery may be confused, the first 
place must be given to internal hemorrhoids. A correct dbkgnosis is readily 
made. Again, profuse offensive diarrhesio motions with blood and mucus may be 
passed in tiAereuXons ulceration of the large bowel, which may be comparatively 
common in the tropics. ColUiSf ulcerative, membranous, or hemorrhagic, 
resembles baoillary and amoebic dysenteries in clinical fe&tures and in the 
character of the stools, but can be differentiated by miorosoopic examination of 
the freoes, as well as by sigmoklosoopy. Idiopathic ulcerative colitis (colitis 
gravis) is becoming increasingly common and hna to be differentiated fr:om the 
baoillaiy dysenteries. It is undoubtedly a disease sui generis and is distinguished 
by pyrexia, toxaemia, intense anaemia, a tendency to spontaneous cure, amd 
great liability to rdbapse. A very amute form sometimes follows cyriosoopy, 
or instrumental inves^tion of the genito^urinai^ tenet, and has b^n riiown 
to be due to merouiy poboning from instruments stwilixed with mercuric cyanide. 
Mucous cofUis, car the syndl^^ whirii is commonly known by that name, is a 
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frequent 9eqv/d of both bacillary and amoebic dysentery and is frequently wm* 
fus^ with both. Stercoral ulceration, produced by chronic constipation asso- 
ciated with myxoedema, may give rise to a blood and mucous discharge. Certain 
surgical conditions — simple ]^ypus, malignant disease, intussusception, even 
syphilitic disease of the rectum, or rectal stricture in lymphogranuloma inguinale 
(p. 624), the diagnosis of which should be determined by digital examination — 
most be kept in mind. Polyposis is a vei^ distressing condition which usually 
undergoes malignant degeneration. Foreign body in the rectum is another 
possible diagnosis. 

Blood and mucus are often passed in diverticulitis, which is quite common 
in tropical practice. In paratyphoid B, infections ulceration of the large intestine 
may give rise to blood and mucus in the stools. Food poisoning due to organisms 
of the Salmonella group may sometimes cause confusion by pausing t^ same 
symptoms. 



CHAPTER XXIX 


TROPICAL SPRUE AND HILL DIARRHOEA 

Synonyms. — Tropical Diarrhoea ; Aphthae Tropicae ; Psilosis ; Ceylon 
Sore Mouth. 

Definition. — A peculiar and dangerous form of chronic inflammation 
of the whole or part of the mucous membrane of the alimentary canal. 
Although a disease of warm climates, it may develop for the fijrat time 
in temperate countries, usually, however, in individuals who have previously 
resided in the tropics or subtropics. 

History. — Sprue was first described by a Dutchman, V. Ketelaer, in 1669, 
and then by Hillary in Barbados in 1766, but the term “ sprue ** was first applied 
to the disease when it was rediscovered independently by Van der Burg in Java, 
and by Patrick Manson in Amoy, China, in 1880. Since that time, it has been 
found to be comparatively common in the tropics. A somewhat similar 
steatorrhoea was described by Thaysen in 1932 in northern Europe as “ non- 
tropical sprue.” 

Geographical distributioii. — South China, Manila, Cochin China, 
Japan, Java, the Straits Settlements, Ceylon, India, Mauritius, a few cases 
from Fiji, more frequently in the West Indies, the Southern United States, 
Porto Rico, Central America, the Guianas, and Queensland. Isolated 
cases have been recorded from Iraq, Egypt, Gibraltar and Palestine, 
Malta, North Africa and Russian Turkestan. In Central Africa the 
disease is rare, though the Editor has recorded one instance from 
Nyasaland. 

Epidemiology and endemiology — Information so far on this subject 
suggests that sprue is a regional, as opposed to a climatic disease, and it 
pre-eminently affects Europeans. There was formerly doubt of its existence 
in native races ; highly pigmented people, usually the indigenous in- 
habitants of the endemic country, are less liable. 

The disease is apt to occur in one or more members of the same family. 
Many instances of sprue in husband and wife have been recorded, probably 
from exposure to the same influences. Atmospheric temperature per se 
has no influence, for sprue originates at high altitudes in Ceylon and in 
the Himalayas, where the climate approximates to that of Europe. 

There are residences in Bombay and bungalows in Ceylon whiah are notorious 
for the incidence of sprue in successive tenants ; these have been known as 
'' sprue hous^ ” and have given rise to a popular theory that the disease is con- 
nected in some way with “ dry-rot ” in wooden beams. 

As a rule, sprue attacks those of middle age or over. Children are 
rarely affect^, though there is one authentic record in an English boy 
from Ceylon of eleven years of age (Miller). Amongst Europeans both 
sexes appear equally liable. 

iEtiology^ — In spite of the considerable work which has been devoted 
to this subject, and the number of speculations which have been enter- 
tained, the true etiology of tropical sprue remains obscure. The germ 
causation, as for instance, the yeast, or MonUia theory, has now been 
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abandoned (Kohlbrugge, 1801, the Editor 1912). These organisms are 
regarded more as terminal and secondary invaders. Nutritional deficiency, 
as originally postulated by McCarrison, Elders and NiohoUs, appears at 
present to be the most likely factor. There are cogent reasons for 
including sprue in the vitamin deficiency group, or at least regarding 
it as essentially the result of nutritional disorder. The modem discoveries 
on the Aetiology of pellagra and the fact that in fully-developed tropical 
sprae there are signs and symptoms which may be ascribed to vitamin 
deficiency, mainly of the vitamin B* complex, have fortified this theory. 
But tropical spme is undoubtedly a disease sui generis. The clinical 
characteristics are so typical as to admit no other assumption. 

Biochemical studies, by Fairley and others, suggest that the phenomena 
of tropical sprue can best be explained in terms of a metabolic breakdown of 
the gastro-intestinal tract, characterized by defective absorption in the 
small intestine, primarily connected with defective secretion of Castle’s 
intrinsic factor by the pyloric or Briinner’s glands. The well accepted fact 
that the anasmia of sprue resembles that of pernicious anaemia, and responds 
in like manner to the extrinsic factor (in liver extracts), is certainly sugges- 
tive. Then there is the glossitis, which appears to bear the same si^iificance 
as in pellagra, pernicious anaemia and idiopathic steatorrhcna, in all of which 
it seemingly represents the expression of Bf avitaminosis and is influenced 
by administration of nicotinic acid and riboflavin (see p. 401). 

Furthermore, as in pellagra, there is a pre-sprue, or larvai condition, of 
which glossitis is the outstanding sign, which is indistinguishable from a 
similar stage in larval pellagra. A connecting link between sprue and 
pellagra is also suggest^ by the fact that pellagrous symptoms may 
sometimes be eugradted on sprue as a secondary phenomenon as in other 
forms of chronic steatorrhoea. 

It has been suggested, with cogent arguments, that the sprue syndrome 
may be regarded as the expression of ** chronic jeguno^Uecd insufficiency ’* 
of which ^e outstanding signs are steatorrhoea, emaciation, meteorism, 
glossitis and megalocytic anaemia ;* and that these phenomena may be 
evoked by a number of conditions* The main argument for this view 
lies in the results of gastro-jejuno-eolic fistula, which reproduce the main 
signs and symptoms of sprue ; a similar clinical picture may be produced 
as the result of an ill-functioning gastro-enterostomy. Sprue-like signs 
and qrmptoms disappear when the defect is rem^ied by operation. 
Sprue symptoms may also supervene on resection of four feet, or more, 
of the lower ileum ^arkoff), or may be produced by interference with 
chyle absorption in lymph^enomatous infiltration of the mesenteric 
glands, or by ulceration of the ileum. 

Other diseases closely simulate tropical sprue, such as cosliac disease in 
children and idiopathic steatorrfaosa in adults. These ate probably the 
outccnne of other tcmm of malabsorption from the small intestine* In 
idiopathic stmtorrhoBa the syndrome possibly represents an exaggerated 
phase of tropical sprue with implication of factors other than tiie ^tamins 
of the Bs Comdex. It is conceivable that the syndrome is produced^ not 
so much by w absence of ess^tial vitamins from the metaiy, as by 
fidlme to absorb them* 
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These vitamins are probably neoessanr for proper absorption of fat by 
the villi of the small intestine, or intimately concerned with pho8p}u)rylati(m. 
Stamms has attempted to explain this complicated process as follows. 
The absorption of neutral fat in sprue is normal, but that of fatty acid, 
glycerol, cholesterin and glucose is defective, due to failure of phosphory- 
Iciion, an essential process in absorption. The fact that neutral fat and 
glucose are normally absorbed without the aid of this process would 
explain the success of strawberry and banana diet in sprue. Calcium is 
deficient because it forms insoluble soaps with free fatty acids, and similarly 
there is a deficiency of phosphorus. The loss of calcium and fats, with their 
fat-soluble vitamins, is responsible for bone changes, tetany and failure 
of blood clotting. The mass of unabsorbed fatty acid and gas, due to 
fermentation of unabsorbed glucose, causes distension, and is responsible 
for the radiographic signs of sprue and sprue-like diseases {see p. 541). 
The physiological lesion in sprue is failure of phosphorylation due to defect 
of the enzyme system, the co-enzymes of which are members of the vitamin 
B complex — ^riboflavin, nicotinic acid, pyridoxine and probably others 
(see pp. 401-407). 

Tropical sprue seems therefore to be coming into line with such other 
well-known avitaminoses as beriberi and pellagra in which a primary and 
8f)condary form may be recognized. For instance, the sprue syndrome 
may reveal itself as a primary disease, or as secondary to some other 
infection of the gastro-intestinal tract, such as bacillary dysentery. 

That there are difficulties in accepting the nutritional theory in toto is 
not to be denied ; for instance, the restriction of tropical sprue to certain 
tropical and subtropical countries, and the fact that Europeans who 
develop the disease are usually better nourished than the indigenous inhabi- 
tants of the countries where sprue occurs. Moreover, Thaysen in 1982 
described “ non-tropical sprue ” in Northern Europe which he claimed 
to be clinically and biochemically indistinguishable from the tropical 
form. Most of his cases were undoubtedly examples of idiopathic 
steatorrhoea, but there remained a residuum which correspond clinically to 
tropical sprue and are curable by the same methods. If further research 
should prove this to be the case, then sprue caimot be regarded as a strictly 
tropical disease. In the Editor’s opinion, sprue is encountered in its 
most florid form in the tropics and subtropics, but minor manifestations 
of the sprue syndrome may be encountered in temperate zones. (See 
pp. 540-«41). 

These views ipay best be illustrated by the following table : — 

Syndromes charaeterizsd hy QhssUis emd SiomatUis, 
MHoloyicdlfnskirs. Syndroms. ContrUmtory factors. 

Ariboflavinotis. 

1. Riboflavin defioiency. Cheilosis, sebovdioeio der- 

maUtit, glossitis, oomoal 
vaaoularisatton, keratitis, 
photophobia, oonjunotivitis. 
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Mtidogical factors, 

1. Nicotinic acid de- 

ficiency. 

2. Riboflavin deficiency. 


Table — (con^tnwcd). 
Syndrome. 

Pellagra. 

Glossitis, dermatitis. 
Changes in spinal cord. 

Stomatitis, glossitis, 
seborrhoeic dermatitis. 


Contributory factors. 

Bacillary dysentery, 

amoebiasis, intestinal 
tuberculosis, alcoholism. 
Chronic gastro^intestinal 
disease, sprue. 


1. Adrenal dysfunction T 

Tropical Sprue. 

Low blood pressure. 

Previous gastro-intestinal 

2. Ribofla\in deficiency. 

Stomatitis, conjunctivitis. 

disease. 

“ twilight-blindness.** 


3. Deficiency of Vitamin 

Changes in spinal cord ? 


Bg complex. 

4. Deficiency of both 

Megalocytic aiuemia. 


factors of Castle. 




1. Congenital defect 


2. Nicotinic acid deficiency ? 

3. Riboflavin deficiency ? 

4. Other factors in the 

Vitamin Bt complex T 
6. Vitamin D deficiency. 

6. Factors of pernicious 
anssmia ? 


Ideopathic Steatorrhoea. 


Glossitis, stomatitis. 
Glossitis, stomatitis. 
Megaoolon. 


Coeliac disease or “ con- 
sumption bowels ” in 
childhood. 


Osteoporosis, hypocalciemia. 
Megalocytic ansBmia. 


Pernicious Anaemia. 

{Addison's). 

1. Deficiency of intrinsic Megalocytic anicmia. 

factor of Castle. 

2. Deficiency of nicotinic Glossitb. 

acid and ribo^vin ? 

3. Deficiency of other fac- Changes in spinal coni. 

tors in the Bg complex ? 


Nutritional Megalocytic 
Anaemia. 

1. Deficiency of extrinsic Megalocytic anemia. Malaria, pregnancy. 

factor. 

2. Deficiency of riboflavin Glossitis. 

and nicotinic acid t 


Li the majority of tropical sprue cases there is either hypo- or achlor- 
hydria, sometimes even achylia gastrica, and Castle and Townsend have 
^wn that the intrinsic factor is absent from the gastric juice, as in 
pernicious anemia ; but the gastric element differs from that of pernicious 
anemia in that acidity in sprue returns to normal after adequate treat- 
ment with liver extract and restoration of the patieait to he^th. 

Pathology. — The heart hoe tunally undergone “ brown atro|diy.” TheUveris 
atropiued, mmI all the musdee and vuoera are anemic and waate^ With these 
exceptions andowtain ohanges in the alimentary tract, so fiur as is known, there 
aie no i^echd letions invariably associated whh this disease. OooasionoUy, the 
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imncreas shows fatty or granular degeneration of the cells, with softening of 
isolated acini and slight inflammatory infiltration of the connective tissue. 
These, however, are not more constant than are similar changes occasionally 
found in the liver and kidneys. Sections of the tongue show desquamation of 
the epithelium, especially from the surface of the fungiform papillae. 

LeHona of the alimentary tract , — In longstanding cases, there is usually atrophy 
of the small bowel so as to render it almost diaphanous. Ulceration and erosion 
of the Ueum le&ding to perforation and peritonitis have been described by the 
Editor, but these, as well as the destruction of the intestinal villi, are now thought 
to be secondary changes (Mackie and N. H. Fairley, and, more recently, Thaysen). 
The chief lesions are thinning and atrophy of the mucous membrane of the 
absorptive and secretory epithelium with shrinkage of the villi. The changes 
are essentially those of degeneration and aplasia and there are evidences of 
blood destruction in the mucosa, suggesting absorption of some haemolytic 
substance in the intestines and destruction of blo(^ in aitu. In autopsies, 
where death has been sudden, it is surprising indeed what few naked*eye changes 
can be seen. Pathological changes are seen in the red marrow of the femur and 
the tibia. This is usually reduc^ in quantity, though there may be hyperplasia, 
as in pernicious anaemia. It is suggested that in sprue there is a toxin which 
primarily stimulates, but eventually exhausts the haemopoietic system. Ulcera- 
tion of the ileum, leading to perforation and general peritonitis, may be the cause 
of death. 

The messenteric glands may be enlarged, pigmented and fibrotic. The in- 
flammatory changes in the mucosa and the invasion by round and plasma cells, 
formerly considered characteristic, are now held to be inconstant in appearance 
and extent, and possibly to be caused by the irritability brought about by acid 
fteces. 

Clinical pathology. — The stools of sprue are characterized by their 
light colour and excessive size ; they may he five or six times the normal 
amount. Analysis reveals the ordinary elements of bile, notwithstanding 
the lack of colour. The excess of fat in the stools and low fat content of the 
blood (412*8 mgm. per cent.) indicate that a proportion is due to actual 
excretion of fat through the intestinal mucosa. (The normal is 600 mgm. 
per cent.). Normally, neutral fats in the fjBces are to fatty acids in the 
proportion of 1 to 2 ; in pancreatic disease this ratio is reversed, and 
may be as high as 16 to 1 ; while in sprue stools more splitting of fats 
takes place, the proportion of neutral fats to fatty acids being as 1 to 3 
or eveh 1 to 6. It is estimated that not uncommonly 60 grm. of fat is 
excreted in a single stool when the patient is living on ^ mixed dietary. 
The average results of fat analysis of fesces is as follows : — 

Total fat 60 per cent. 

Combined fatty acids 14 „ „ 

Free fatty acids ... 87 „ „ 

IJnsoaped fat ... 46 „ „ 

Neutral fat 7 „ „ 

The trypsin and other enzyme activities in the stools are normal. Tht«e 
figures indicate that in sprue pancreatic digestion proceeds quite normally, 
but that the products of digestion are not absorbed, probably b^use 
the contents are hurried through the small intestine. Malabsorption of 
fats may probably be due to the same cause. 
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The blood picture of the fully-developed sprue case is a luegalocytic 
ansBiuia, the shse of the cells varying from 7*8-8 fi. The very variable 
degrees of aneemia coincide with the variable changes in the bone-marrow. 
As a general rule, this grave anasmia occurs in patients over fifty ^ears 
of age. Ip no instance, in the cases investigate, has the colour mdex 
been less than 0*7. In the majority of cases it is above that figure. In 
uncomplicated sprue the leucocyte counts are either normal, or there is 
a leucopenia associated with a relative lymphocytosis. Blood crises 
commonly occur in sprue and are characterized by a rapid and critical 
fall in the haemoglobin and red blood-corpuscles. Usually associated 
with severe diarrhoea, it progresses to a fatal issue, without remissions 
and without those evidences of blood regeneration which are so typical 
of similar crises in pernicious anaemia. HyperbilirubinaBmia is found 
more frequently in i^aria and in pernicious anaemia than in sprue. 
(Tan den Ber^ test). 

The Price-J^ones curve resemble tliat of pernicious anaemia, being 
chaunu^terized by mauked atsymmetry, broaden^ of the base, displacement 
to the right, amd a definite mcrease of the diameter of the corpuscles to 
8 07 /i. It therefore seems that deficient blood-production rather than 
excessive blood-loss constitutes the basis of sprue anaemia. 

Smmp^xtlcium and phosphorus conleni. — Fairley, Makokie and* others have 
oonfirmed Scott^s observations that the ionic oaldum is lowioed in sprue, 7*4-0 
mgm. per 100 c.c. of serum being ccmstantly registered. Fairley wnd Bromfield, 
mhig Kramer and Tisdall's technique, found the average tc^ calcium was 
8*8 mgm. per cent. The average serom-phosphonts reading was 3*2 mgm. per 
100 c.c. so that no rise above normal occurs. It is concluded that defective 
absorption is the basic factor involved in the low calcium content. 

Blood cholesterol . — There is a definite hypocholesteroltemia, and Fairley has 
diown that the serum cholesterol averages 72*8 mgm. per 100 c.c., the lowest 
reading being about 40 mgm. The cholesterol content rises rapidly with liver- 
extract therapy and hi^-protein dietary. 

EJood-emgar regulation . — ^Thayaen originally pelted out that in sprue, as well 
as in idiopi^c steatorrheea and cceliac disease, there is an abnormally low blood- 
sugar curve, which is not doe to impairment of glucose absorption, or to its 
decdrnction in the intestines, but possibly is related to adrmial imnifficiency. 

The wine is highly coloured, especially in cases with prmiounced ansnnia. 
Thisisdue to the appearance of urobihne^pen and uroldlln In paUiological amounts, 
derived from the p^uots of blood des^efion, as it is estimated that in sprue 
amemia the blood-celis are being destroyed nearly five times more rapidly than 
normal. The diastatio reaction has bemi investi^ikted and has been found to be 
well within the normal limits. This method affords a means by which sprue 
may be diffmntialed from chronic panmeatitis. Inacutespme there is porj^y* 
rinuria, as in peOagra. 

Gatirk stdretlon.^lM most cases there is a relative hypochlorhydria or a 
normal aeid curve, but oc casio it all y hyperehlodiydfla may be present. In eases 
with severe anmmia there Is usuafiy gashriaa. 

FcrtaUlii^.----Tbere is infinite variety in the eombinatioa 
and in ihe aeveriiy tA the various syniptcmm of sprue, aa well as in tiie rate 
o| {uogrem nf the diaeaae. In some inatanens it mny be ahnoat a an^ 
prooem, mmn^ ita eoiifae in n year or two ; in olhera, again, it may 
drag on mtmmUmtty for ten or fifteen yaani* Umb dapmida on w 
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circumstances, the character, the care, the treatment, the age and the 
intelligence of the patient. 

General sym/pioms in a typical case , — In an ordinary fully developed case 
the patient — who is generally dark or muddy in complexion and much 
emaciated — complains of three principal symptoms : soreness of the mouth, 
dyspeptic distension of the abdomen, and looseness of the bowels — ^the last 
being particularly urgent during the early morning and part of the forenoon. 
He may also complain of feeling physically weak, of loss of memory, and of 
inability to take exercise or to apply his mind. His friends will probably 
volunteer the infonnation that he is irritable and unreasonable. 

MouUi lesions , — The soreness depends on a variety of lesions of the 
mucous membrane, which, though painful, seem to be very superficial and 
vary considerably in intensity from day to day. During an exacerbation 
the tongue looks red and angry ; superficial erosions, patches of congestion, 
and perhaps minute vesicles appear on its surface, particularly about the 
edges and tip. Sometimes, from the folding consequent on swelling of the 
mucous membrane, its sides have the appearance of being fissured. The 
filiform papillae cannot be made out, although here and there the fungiloriri 
stand out, pink and swollen (Plate XVII). If the patient be made 
to turn up the tip of the tongue, red patches of superficial erosion, some- 
times covered with an aphthous-looking pellicle, may very likely be seen 
on either side of the fraanum. These aphthae probably form beneath the 
epithelium and subsequently burst. On eversion of the lips, similar 
patches and erosions are visible ; and, if the cheek be separated from the 
teeth, they may be seen on the buccal mucous membrane. Occasionally 
the palate is similarly effected ; very often, also, the mucous follicles are 
enlarged, shotty, and prominent. The gullet and uvula may also be 
congested and, in places, raw and sore. 

In consequence of the irritation caused by these superficial and exceed- 
ingly sensitive lesions, the mouth tends to fill with a watery saliva, which 
may dribble from the comers. If the patient attempts to take any acrid 
food, strong wine, or anything except the very blandest diet, the pain and 
burning in the mouth are intolerable ; so much so that, although perhaps 
ravenously hungry, he shirks eating. Not infrequently, swallowing is 
accompanied and followed by a feeling of soreness and burning under the 
sternum, suggesting that the gullet, like the tongue, is also irritated, raw 
and tender. During exacerbations the condition of the mouth becomes 
greatly aggravated. Although during the temporary and occasional improve- 
ments it is mu(di less pain^, even then salt, spices, strong wines and all 
kinds of sapid foods sting unpleasantly ; and the tongue, particularly along 
its centre, is seen to be bare and polished as if brushed over with a coating of 
vamicdb. At all times the tongue is abnormally clean and devoid of fur ; 
during the exacerbations it ill ^ and swollen ; but during the remissions, 
and when not inflamed, it is smali and pointed, and, owing to the anasmic 
condition of the patimit, it may be yellowish. The sore tongue and mouth 
may at first be the only lugns, and they may persist for months or, it may 
be, for a year before ^mplete sprae unfolds itself, - 
The tongue may be reg^ed as a mirror of the gastro^intestinal tract so 
that probably stintlAr changes (hyperemia and inflammation) are present 



586 


SPRUE AND HILL DIARRHCBA 


in the stomach and small and large intestines. The mucosa of the rectum 
is inflamed, as the Editor has demonstrated by sigmoidoscopy. 

Dyspepsia . — Pyspepsia is usually vejy troublesome, the feelings of 
weight, oppression, and gaseous distension after eating being sometimes 
excessive. Very likely the abdomen swells out like a drum, and un- 
pleasant borborygmi roll through the bowel (Fig. 79). OccasionaUy, 
though not often, there may be vomiting, sometimes coming on suddenly, 
and not always accompanied by nausea. As a rule, there is a moderate 



Fif. 79.— Sprue abdomen, showing intense meteorism, especially 
of lower ifuadrant. 

hypochlorhydria, with adequate response to histamine, which may account 
for the dyspepsia. The gastroscopic appearances have been described as 
being sin^r to those of pernicious anemia, and as taking the form of 
atrophic gastritis, which improves on intensive liver therapy. 

Ancemia may be pronounced even in the early stages, though more 
generally it develops when diarrhoea has persisted for some time. It is a 
megaloc^tic, hyperchromic ansBmia of the pernicious type, with alteration 
in the size wid shape of the erythrocytes, very occasionally with norrao- 
blasto. Oecasioni^y, severe anasmia, indistinguishable from that of 
Addisonian anemia with higji Van den Bergh readings, supervenes even 
when active sprue inrmptoros have disappeared. 

Tetany associated with dilatation of the stomach is quite common in 
longstanding cases, but is also found in the early stages where there has 
been dehyiimticm of the tissues and hypocalciBrnia. It can often be elicited 
by compression of the urocv arm (Trousseau’s sign). 

Cramps in hands am may be particularly distressing and mre 
the a^mpaniments of faypt^eamiia. 
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Diarrhoea , — Diarrhoea associated with sprue is of two kinds : one 
chronic and habitual, the other more acute and, in the early stages, 
evanescent. The former is characterized Jby one or more daily discharges 
of a copious, pale, greyish, pasty, fermenting, acid, mawkish, evil-smelling 
material : the latter is watery, also pale and fermenting, the dejecta con- 
taining undigested food and, as a rule, an abnormally large amount of fat 



Chart 26. — Composite graph constructed from observations on ten cases, to show the 
relative IncreaK in body-weight of patient and in red blood-corpuscles per cubic 
millimetre with coincident decrease in average weight of stool over the same period 
of treatment 

and fatty acids. In these latter circumstances diarrhoea usually brings 
with it considerable relief to the dyspeptic distension — at all events for a 
time. When the mouth is inflamed, diarrhoea is usually more active, 
but this is by no means invariable. The stools during periods of quiescence 
may be conned to one or two in the early morning or forenoon ; during the 
later part of the day tlie patient is not disturbed. Even in this quiescent 
phase, however, they are alwa3r8 extraordinarily copious, the excessive 
bulk being attributable in great measure to fatty acids and to innumerable 
microscopic gas-bubbles. They are passed almost, or altogether, without 
pain. Not infrequently during exacerbations there may be a tender, 
excoriated condition of the anus, and sometimes, in women, a similar 
condition of the vagina, causing pruritus. 

T]rpes, history, course and termination. Primary or proiopaihic 
sprue . — ^Tbere is a striking uniformity in the history of most oases of sprue, 
^e patient has probably been suffering for months, or perhaps years, from 
irregularity of the bowels. This, the physician may be told, l^an, soon 
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after arrival in the tropica, as a bilious morning diarrhoea. For a loi^ time 
this morning diarrhoea went on, without interfering in any way with the 
general health. Later, the mouth now and again became tender, little 
blisters or excoriations appearing for a day or two at a time about the tip 
of the tongue or inside the lips. These sore spots would come and go. 
Perhaps, from time to time, exacerbations of the mouth symptoms would be 
associate with a little increase of diarrhcea. Gradually, the stools lost their 
bilious character and became pale and frothy; dyspeptic symptoms, 
particularly distension after meals, now appeared. As time went on, these 
symptoms would recur more frequently, and in a more pronounced form, 
following, almost inevitably, any little imprudence in food or exposure. 
The general condition now began to deteriorate ; emaciation, langour, 
lassitude, and inability to get through the day's work satisfactorily, be- 
coming more pronounced each summer until, finally, a condition of 
permanent invalidism was established. 

Should the disease continue to progress, the emaciation advances slowly 
but surely. Diarrhoea may be almost constant, and now no longer 
confined to the raoromg hours ; the complexion becomes dark, sometimes 
very dark ; the appetite, at first in abeyance, may be ravenous, unusual 
indulgence in food being followed by increased discomfort, temporarily 
relieved by smart diarrhcea. At length the patient is confined to the house, 
perhaps to bed. The feet become oedematous, and the integuments hang 
like an ill-fitting garment, the details of the bony anatomy 'showing dis- 
tinctly through the dry, scurfy, earthy skin. Finally, the patient dies in a 
semi-choleraic attack ; or from inanition ; or from some interourrent 
disease. Such is the history of an ordinary, mismanaged case of sprue. 

Another type of case commences as an acute entero-colitis or hill 
diarrhoea," with sudden and profuse colicky diarrhoea, perhaps vomiting, 
and a certain amount of fever. The acute symptoms do not subside 
completely, but gradually acquire those of sprue grafted on to those of 
acute intestinal catanh (see p. 589). 

(a) Gastric cases. — Oc^ionally the morbid process is at first, judging 
from the existing clinical symptoms and subsequent history, conned to a 
limited part of the alimenta^ canal. Thus, there is sometimes sprue 
without diarrhoea, the principal symptoms being sore mouth, dyspeptic 
distension, pale, copious but solid stools, and wasting. 

(b) Intestinal cases . — On the other hand, there are cases in which the 
mouth is not eroded and there is little or no distensiem or dyspepsia, but in 
which the stools are liquid, copious, pale, and frothy. Sometimes a patient, 
who may have sufifered at anearli^ period or on a former occasion ik>m the 
first type of the disease, later acquires Uie diarrhoeie fmm ; and vice versa. 

(c) Sjme dturrkea.-— Sometimes under treatmmt the sore mouth, 

dys^psia and diarrhosa completely subside ; nevertheless, the wasting 
continues, the sto<^ remaining phenomimally copious— so much so that 
the patient may declare that more is passed tfaim has been eaten. In this 
case wasting is progressive, and the patient gradually dies of inanition. 

(<Q Tcn^ or motUk sprue.-- As a rate, the charaeteristio i^pearanoe of 
the tongue is assodated with gastric and intestinal symptoim, but thil is 
not invariable, The, Editor has described oases in and sevscal 
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others during the last twenty-five years, where the process remains con- 
fined to the inoiith and gullet for one year or longer, before typical intestinal 
symptoms are noted. This stage may well be regarded as larval sprue. 

Intestinal atrophy consequent on sprue . — In certain instances, under 
treatment the symptoms proper to sprue subside, but the patient’s digestive 
and a^imilative faculties are permanently impaired. Slight irregularities 
eithtT in the quality or the amount of food, chill, fatigue, depressing 
emotions, and other trifling causes sufiice to bring on dyspepsia accompanied 
by flatulence and diarrhoea. These cases may linger for years. Usually, 
they improve during the summer in England, getting worse during the 
winter and spring, or during cold damp weather. Ultimately, the patients 
die from general atrophy, diarrhoea, or some intercurrent disease. 

Secondary sprue . — Sprue may follow closely on the heels of some other 
severe intestinal disease, such as amcBbic or bacillary dysentery, or may be 
the direct sequel of hill diarrhoea. In bacillary dysentery, for instance, the 
sprue symptoms may be evanescent during convalescence, or, as sometimes 
happens, may become firmly established at some later period. Therefore, 
the recognition of a secondary form of sprue conforms with other nutri- 
tional djseases. The co-existenoe of intestinal amcebiasis with sprue has 
been recorded. 

S^uelae. Anemia and spinal symptoms. —Sex ere ansDinia of the 
pernicious type is a frequent sequel {see p. 584). Until recently it had been 
generally considered that sclerosis of the spinal cord did not occur in spnie 
and that this distinguished it in some degree from subacute combined 
degeneration of the cord in pernicious anaemia. But this distinction 
cannot be substantiated, for in longstanding cases of sprue with severe 
ana&mia, occasionally unmistakable signs of cord involvement — spastic 
paraplegia, ankle-clonus, positive Babinski sign, and, eventually, complete 
and fatal paralysis of the lower extremities — have been observed. Neuritic 
signs in the arms and legs (pins and needles) frequently supervene ; some- 
times also neuritis, with parsBsthesia and loss of reflexes, resembling beriberi, 
which has been found to respond satisfactorily to vitamin Bi therapy. . 

(Edema , — Qeneralissed oedema, specially of the legs, is a frequent accom- 
paniment of sprue, especially in those patients who are responding to 
treatments 

Purpuric ra ^. — Petechial hssmorrhagic rashes, noticeable on the thighs 
and le^ (Fig. 61, p. 445) are undoubtedly a scorbutic phenomenon and 
formerfy occurred in patmts who had been maintained on milk. This rash 
disappeiured i^ter the administration of adequate amounts of vitamin C. 
Smalf subcutaneous hismorrhageS on the hands are common in atropine 
cases of iqprue and probably are scorbutic. 

DermatHis^'^A. dermatitis is a frequent accompaniment of spnie^ 
cspecdidly in elderly people with exkeme anasmia. It generally breaks 
out during convalesoemde and when the patient is respondi^ to tmtment, 
and is mostly seen <m the artus and (diest SometimeB the raA is peliagrous, 
^and the Bmtor has reowled cases of association of this disease' with sprue, 
where improvement occurred on the administration of niootinio acid. 
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Special features oj sprue in women , — Araenorrhcea and menstrual distur- 
bances are extremely frequent in women with advanced sprue. Symptoms 
of sprue become exacerbated during pregnancy. 

Relapses of sprue are unfortunately frequent and form a characteristic 
feature of this mysterious disease. Often they come on suddenly, and quite 
unexpectedly, without any apparent exciting cause. Sometimes, in the 
Editor’s experience, typi^ relapses are observed after an interval of 
twenty years, and in one instance twenty-seven years, of apparently normal 
health in England. 

Latency. — One of the most remarkable features of sprue is latency. 
Thus, it may arise in England in persons who have at some time resided in 
an endemic area of the diWse. Usually, this period is one or two years ; 
sometimes it is longer — seven or eight years ; exceptionally it may be as 
long as twenty-five years. 

Diagnosis. — The tongue, the stools, and the history seem sufficiently 
distinctive to render diagnosis easy. Nevertheless the Editor has known 
cases in which the disease has been diagnosed and treated as syphilis, the 
condition of the mouth being attributed to this disease, and the character 
of the stools and other symptoms ignored. Care must be exercised in 
interpreting the significance of the small area of liver dullness usually 
found in well-marked cases of sprue. This is not due to cirrhosis of the 
liver, but to its wasting, in common with other organs. 

Diflfereiitlal diagnosis. — Codiac disease. (Gee’s coeliac diarrhoea, or the 
Gee-Herter syndrome) occurs frequently in Europe in children under ten, 
and is also se&n in those of European parentage returning from the tropics. 
Coeliac disease is probably congenital and its aatiology is therefore 
different from that of sprue, but the stools are similar in appearance and in 
chemical composition. This disease is associated with diarrhoea and meteor- 
ism, stunted growth, and incomplete sexual development. There is no 
involvement of the tongue and mouth, and the ancemia is not so severe as 
in tropical sprue. Symptoms usually disappear on a fat-free dietary. 
Idiopathic steatmthoea is probably the same process as coeliac disease 
pebisting in adult life, and was regarded by Thaysen in Denmark and 
Northern Europe as ncm-iropical sprue. This is a nutritional disturbance 
amdated with tetany, osteomalacia and aniemia. It is therefore cliarac- 
terised by disturbances of the calcium metabolism and hypochromic 
anasmia. According to Bennett, Hunter and Vaughan, in ** non-tropical 
sprue ” there are often various cutaneous lesions, infantilism, megaoolon, 
fine silky hair, brittleness and ridging pf the nails, clubbed fingers, and a 
flattened type of blood-sugar curve after ingesrion of glucose (wmch is also 
found in tropical sprue). Lens opacities, gross bony deformities, and tetany 
constitute the outward signs of defective caldurn metabolism. The serum 
oalduni is low and there is excessive excretion of fat. Both ecehao disease 
and idiopathic steatorrhesa may be complicated by secondary pellagra. 
An impMant, almost diagnostic, point of differentiation, is that these two 
forms of steat(HEiiiosa do not respond to liver and vitamin tbmpy as does 
trofucal sprue. ^ 

The afanance of skin leskms and mental symptoms differentiates sprue 
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from pellagra. The sprue tongue may be diflftcult to differentiate from that 
of pellagra ; the latter is pointed, and when it is inflamed and painful the 
process is generalized, not confined to certain definite and circumscribed 
areas as in sprue, and angular stomatitis is also often seen. The tongue 
of early pellagra (Plate XVII) is invariably associated with angular 
stomatitis and an atrophic condition of the lips (cheilosis). Atrophy of the 
lingual papill® also occurs in pernicious anaemia and so this may be con- 
fused with sprue. No great difficulty should be experienced in differentiat- 
ing Addison's disease from sprue. Gastro-jejuno-colic fistula may give rise 
to symptoms simulating sprue, but these disappear when appropriate 
surgical measures have been undertaken. 

Giardiasis (see p. 526) may produce light-coloured fatty diarrhoea, and 
may be mistaken for sprue. 

Differentiation of sprue from chronic pancreatitis may present difficulties. 
In the latter condition neutral fats predominate in the fa?ces, the tongue 
and mouth are not involved, and the diastatic reaction of the urine is high. 

The low blood-sugar curve after the intake of 1 grin, of glucose per kilo, 
body weight serves to differentiate spnie from pernicious and allitHi 
anceniias, but a similar curve accompanies idiopathic steatorrhoea and 
cceliac disease. The anaemia of sprue greatly resembles that of pernicious 
amemia, though normoblasts are rare and megaloblasts do not occur. 
High van den Bergh readings are the rule in true pernicious an©mia, 
exceptional in sprue. The differentiation from tropical macrocytic or 
nutritional aneemia cannot easily la* made on blood examination alone, as 
the picture is very similar, lliis an»mia affects pregnant women in the 
tropics, and is not accompanied by diarrhoea. 

(Vrtain cases of tabes niesenierica may, on clinical grounds, resemble 
sprue, and so may disease of the mese^iieric glands, such as l;y'inphosarcoraa 
or lymphadenoma. 

The radiographic findings in sprue . — The Editor found no loss of tone in 
the stomach or intestines in acute incipient cases. The stomach is emptied 
in two hours after the barium meal, the hepatic flexure of the colon is 
reached in three hours, and the intestines are empty in 6~8 hours. In 
subacute cases there is slight loss of tone and vigour of peristalsis in the 
stomach. In chronic cases there is ballooning of the large intestine with 
some delay in the cawjum and colon. The herring-bone pattern in the 
jejunum described by American workers is not invariably observed as it is 
in idiopathic steatorrhcea. 

Prognosis is'good for recent ca^es, provided proper treatment is carried 
out. It is bad for patients over fifty, for longstanding cases, for careless and 
injudicious patients, and for those who cannot or will not take a special 
diet. 

Treatment 

General statement. — The treatment of sprue is mainly a matter of 
bodily rest and careful dieting in ord^ to procure assimilation of the most 
easily absorbable foods. If treatment be undertaken sufficiently early, and 
be woroog^y and intelligently carried out, it is generally successful. 
Should, however, it be undertake too late, when the glands and the 
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absorbing surface of the alimentary canal have been hopelessly destroyed, 
the case is almost sure to end fatally. In prescribing treatment, therefore, 
the first thing is to get the patient thorougUyconvinc^ of the serious nature 
of his complaint ; for without his hearty and complete co-operation a well- 
established case will not be cured. To be successful, treatment must be 
thorough, sustained and prolonged. All predisposing causes, such as 
uterine or other discharges, s^hilis, and helminthic infections must, of 
course, be removed as far as possible. The sise and weight of the fasces 
^ould be estimated daily by weighing the pan and substracting from the 
total the known weight of the receptacle. The average daily weight of 
normal faeces is from six to eight oimces ; in sprue it is commonly double or 
treble this amount. By keeping a chart of the average daily excretion, 
and by estimating the weight of the food ingested, am estimate may be 
formed of the daily intake and output. 

Nursing of sprue cases is all-important. A great deal rests with the 
nurse ; sprue patients are apt to be unreasonable and refractoiy, so she will 
need to sympathetic and tactful, yet firm. A r^ular routine of feeding 
should be strictly adhered to, both in quantity and ingredients. The sheet 
anchor of treatment in sprue is diet, as ^1 who have written on this disease 
agree. Fats and starches are not well assimilated. 

Diet I. — The Editor is of the opinion that a combination of milk and 
protein meets the needs of most cases. If the tongue is very sore and the 
intestinal symptoms urgent, the patient is fed for the first week on a milk 
dietary and, if this is not easily tolerated, high protein milk — Sprulac 
{see p. 544). Sometimes, however, a mixture of milk and Sprulac may be 
given, or Bengeris and Horlicks. When the intestinal symptoms j^ve 
subsided, other ingredients may be added, as set out in the following tables: 

Table I 

First week. 

Three pints of cow^s milk (or Benger^s Food) daily in 5>oz. feeds at two- 
hour intervals. 

Toasit poBed bread,” msks, with a small quantity of butter. 

Total cateie value, about 1,100 calories. 

Tabxjb II 

Steomdweek, 

Hiree pints milk (or Boil's Food) dally, as in Table 1. 

Busks (Heodeb^*s or Verkade*s ** Groote Besohuit ”) and toast. Sago 
6 OB. ; liver soup, 12 oz. in two feeds of 6 ob. each. ^ 

One B^itly boiled egg. 

Weak tea or sprue tea (Lc. tea infused with milk in place of water) 8 oe. 

Total calorie value, ab^t 1,900 cakuries. 

Table lU 

Third week and dmirhigeomm^^ 

BfeakfaM^’^Tank^ 1 toast (or msks) and weak tea. 

11 a4a^Ha)f a of warm milk, Bfwulao or Beiiger*s Food. 

soii^ It drickmi (mjneed), 8 oa«; spinach, 3 cm 
(iMmBfldNsm, French hea^ sagcorsmoliim 

peddliig, 8 oa« ; iNdmd apple cr Imtiaimi 8 oa« 
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Tea, — ^Toast ; tea ; Madeira cake, sponge cake, digestive biscuits, 3 oz. 

Dinner, — Brain or sweetbread, 4 oz. ; calves’ -foot jelly, 3 oz. ; banana, 
3 oz. ; arrowroot, 8 oz. 

Total calorie value, about 3,900 calories. 

This diet is given during the first week, with various medicinal measures ; 
naturally it can be varied according to the needs and idiosyncrasies of each 
patient. The third table is instituted from the third week onwards and, 
during convalescence, for at least three or four months. It may be varied, 
of course, according to circumstances, and during the fruit season straw- 
berries and raspberries may be added to the regimen. 

In elderly patients those over 46) and where there is a high degree 
of anemia, the addition of raw or underdone, finely shredded beef is of 
advantage. 

Minced beef for Sprue Patients 

8 oz. best beef ; 

1 good teaspoonful of marmite ; 

Pepper and salt ; 

2S tablespoonfiils of water. 

Trim off all fat from the beef. Mince the raw beef finely, putting it twice 
through the mincing machine if necessary. 

Pla^ in double saucepan with marmite, seasoning, and water. Cook over 
boiling water, stirring the ingredients with a fork all the time until the meat has 
turned brown and crurMg — ^roughly 3 minutes. 

Serve on a hot- water {^te. Treated in this manner minced beef is a palatable 
dish. 

Calorie value of 4 oz. is about 188. 

In patients with flatulence and meteorism which are increased by milk, 
this b^f diet may be substituted for one pint of milk. 

Lightly-steamed meat with gravy is advantageous, and should be steamed 
in the following manner : 

Take undercut of beef, 4 oz. Steam with 6 oz. of water for 5 to 7 minutes. 
Add a pinch of salt and serve as thick soup with lemon juice or shoe of tomato. 

The recipe for liver soup is as follows : 

Take half a pound of calves’ liver and cut it into small pieces. Place in a 
double saucepan, add 1 pint of cold water and simmer for 1} hours. Strain 
through a sieve and add 1 pint of bone stock or chicken jelly, and, if necessary, 
flavour with marmite. Add a small quantity of pepper and salt. 

liver soup can be given in soup-platefals of 8 oz. each, and may be taken 
together with nnderd^ meat. 

These methods, followed by carefully selected and increasing mixed diet, 
combined with warmth and rest, are the most successful ways of dealing with 
sprue. Food should never be given unless the patient is hungry. It is a 
great mistake to try to make these patients fat too rapidly, or to stimulate 
the desire for food by encodra^g active exercise. The l^wel is not in a 
condition to deal with large me^. 

Diet 2. SijfhproMn This is especially indicated in elderly 

patients with inadequate anuniktion, hyp<^orhydria and anesmia, 
Alunentary rest hi thm oases is the tiierapeutio ideal and can be attained 
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by feeding with a minimum amount of those food constituents with which 
the small intestine fails to deal adequately. Protein is the chief constituent, 
commencing with a low-calorie value and gradually increasing the quantity, 
while maintaining the high-protein rates. During this treatment five diets 
are ordered, the calorie value of which increases progressively from 770 
in (o) to over 3,000 in (e), and the ratio of protein to fat and carbohydrate 
is maintained at 1 0 : 0*8 : 1 -1. 

(а) (Calorie value 770). 

8 a.m. — ^Underdone beef, 3 oz. ; juice of half an orange and glucose, 2 
drachms. 

12 a.m. — Soup, 4 oz. ; underdone beef, 3 oz. ; rusks, } oz. ; juice of half an 
orange and glucose, 1 drachm. 

6 p.m. — Same as above. 

(б) (Calorie value, 1,200). 

The underdone beef is increased to 5 oz. ; rusks and calve8*>foot jeUy added 
at 4 p.m. Tea, 10 oz. 

(c) . — ^Meals are given firom 6 a.m.-7 p.m., as follows : 6 a.m., 8 a.m., 10 a.m., 

12 a.m., 4 p.m., 7 p.m. The diet is much the same, with the addition 
of 10 oz. of tea with milk; three times daily, two baked apples and calves'- 
foot jelly. 

(d) and (e). — The times are the same, but a greater quantity, up to 7 oz. of under- 

done beef is given twice daily. Bananas, custard and honey are introduced 
into the diet. 

Protein mUk diet, — ^As the result of biochemical investigations, it is now thought 
that flatulence and abdominal discomfort are in the main aggravated by fat in 
cow's milk. Fairley introduced a milk powder which combines the advantages 
of a high protein dietary with the bland properties of milk. This high-protcin 
milk powder, or Spmlac (Cow A Cate Ltd.) is prepared from fresh milk which 
has b^n treated by passage through a gauze and wire filter, subsequently chilled, 
centrifuged to get rid of organic andmorg^mic debris, passed through a mechanical 
mixing apparatus and eventually desiccated at 1^ C. The powder ccmtains 
10-6 per cent, fat ; 34‘0 per cent, protein and 45*0 per cent. lact^. The calorie 
value per ounce is 125 and the ratio of protein, fat and carbohydrate is i *0 : 0*3 ; 
1 *3. Spmlac can begiven in the same manner as milk. One ounce of Spndac is 
made up to 8 oz. with water and given every 2} hours for six feeds. Subsequently 
the amount may be increased ai^ calves* -foot jelly and the juice of two oranges 
added. Sprulac forms an excellent addition to tl^ diet in all stages of sprue. 

Fruit diet. — ^The vahie of finit in the treatment of sprue has long been 
recognized. Manscm was in the habit of {nesoribing bananas and apples in 
sprue ; often with mariced success. Repeated trials of strawberries in sprue 
have to some extent confirmed their value. Bottled fruits, particularly peaches 
and pears, make soitable substitutes if strawberries or bauanas are not obtainable . 
Of tinned fruits the most suitable are Libby's strawberries and blackberries, 
though it is doubtful whether pressed fruit possesses the same virtues as 
fresh. Frerii raspberries and blaeberries are idxest as well tolerated as straw* 
berries. Fresh tomatoes are often beneficial. Hie bael firuit, or Bengal quince 
{ABgk marmdo9% infatidnoed by Fayrer in the treatment of this dissM, seems 
to exort a beneficial effect in those countries (Ceylon and India) where it can 
be proou^ In a fterii state. During recent years it has been imported from the 
East on ice, and ofieied for sde in London. Hie ripe pulp can be scraped out 
of the hard exterior sheD and eaten raw with sugar and cream, or made up 
with gelatin in a jeQy. Hro or three of these fruHs may be given every day. 
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Return to Europe. — ^When sprue develops in the tropics, if feasible the 
patient should be sent to Europe as soon as possible. It is a mistake, 
however, to ship an invalid if the disease is active, or the end manifestly 
not far off. Diarrhoea should not be active when the patient is put on 
board ship. In every case provision should be made for continuation of 
the dietetic regimen and a supply of milk on board should be assured. 

Cloihing and general management — Sprue patients returning to Europe 
ought to be especially careful in their clothing, and they ought to get out 
their warm clothes before the ship leaves the tropics. If they return during 
the winter, they should arrange to remain in the south of Europe until 
late spring. Next to an unsuitable dietary, perhaps cold is the most 
prejudicial influence to which a sprue case can be exposed. A sprue patient 
ought never to feel cold ; he ought always to wear thick flannels, thick 
stockings, and, when up and about, thick boots. In winter a chamois- 
leather sleeved waistcoat is of great service. His rooms ought to be wann^ 
He ought to eat very sparingly. He ought .never to be fatigued ; he ought 
to go to bed early and rise late ; in fact, he ought to do everything in his 
power to avoid irritating the bowel, to guard against chill, physiological 
depression, and copious eating. 

During the summer England is suitable enough as a residence ; but 
during the cold winter and spring months some milder, drier and more 
sunny climate must be sought. 

Sore tongue and mouth. — A great deal can be done to ameliorate the 
soreness and the dysphagia caused by ulceration of the tongue and mouth. 
The mouth should be kept very clean and washed out after each feed 
with a bland mouth- wash such as potassium chlorate, 1 drachm to the 
pint of hot water, but if the mouth is very painful, cocaine, 2 gr. to the 
ounce of glycerin and borax, bnished on to the tongue lightly before eating, 
will deaden sensibility. In certain cases where the saliva is very acid, as 
it generally is when the tongue is very raw, an alkaline mouth- wash should 
be used as follows : 

Sod. bicarb. ...... gr.x (0*648 grm.) 

Sod. biborate ..... gr.x (0*648 grm.) 

Rose-water ...... Jlv (113*6 c.c.) 

Diluted with water according to taste. 

An efficient preparation for healing mouth lesions is an acriflavine dye, 
Glauramine (B.D.H.), of which the mouth-wash is made up of one tea- 
spoonful (one drachm) to eight ounces of warm water. It temporarily 
stains the mouth and lips yellow. In some cases, especially where there is 
much sepsis, hydrogen-peroxide mouth- wash is useful. These measilres 
should be combined with nicotinic acid and riboflavin, therapy, which 
undoubtedly help. 

Specific ^eaiment mih vitamins. — In acute, as well as in chronic cases, 
the Editor has recorded success with nicotinic acid and riboflavin. Symp- 
toms resolve in shorter time and the treatment is considerably curtailed. 

Nicotinic acid is given in tablets (50mgm,)in doses of 160-800 mgm. daily 
for three weeks or longer, reinforced, whenever glossitis and angular 
are acute, wiSh ribojUmn, 8 mgm. The immediate effects are 
in the subsidence of glossitis and rapid return of the taste-sense. 

38 
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Abolition of these disagreeable phenomena exerts a profound influence 
on digestion and assimilation. Sometimes nicotinic acid produces a kind 
of histamine effect^ with flushing of the face and throbbing of the arteries, 
but this soon passes off. This treatment also influences intestinal mani- 
festations, but it is necessary that the diarrhoea should first be brought 
under control by rest in bed and suitable dietary and other measures. 
The most gratifying result is the abatement of flatulence and meteorisra, 
which are usually so distressing and so persistent. It is probably wise to 
continue with nicotinic acid, in reservoir doses (60 mgm.), for three months 
or longer during convalescence. 

In cases with marked hypochlorhydria the administration of hydrochloric 
acid is essential. A mixture containing 20 mm. of the dilute acid should be 
given before each main meal, 

DiarrhcBa, — The diarrhoea of sprue yields to dietetic treatment but, if 
excessive, the best method is to administer a small quantity of castor oil in 
teaspoonful doses, after which Batavia powder in the same quantity should 
be given, suspended in milk or water. If nocturnal diarrhoea is very 
severe, ddorodyne (10-15 min.) is often successful. 

Batavia powder is a modification of “ Peter Sys ” specific (Shanghai) which was 
originally u^ by Manson and CantUe in China. It is cuttle-fish bone combined 
with an iron compound. In some cases of diarrhoea during convalescence, 
it is advantageous to give it in wafer cachets, 15 gr., four times daily. 

For less obstinate diarrhoea, Crooke's CoUosol Lacto-Kaoiin, in doses of one 
drachm daily, is recommended, while on occasions a bismuth and magnesia 
mixture (bism. oxycarb. 15 gr., mag. carb. pond. 15 gr. with sp. chlorof. et 
morph. CO.) may be more suitable. 

Anemia, — No advance in the treatment of extreme casf^s of sprue has 
been so remarkable as blood-transfusion in patients in whom the ancemia 
resembles advanced pernicious aniemia. Some cases with a red cell count 
of 500,000 red cells to the c.mm. have recovered. Special precautions as 
regards blood groupings must be taken, and 800-400 c.c. of citrated blood 
injected intravenously. Sometimes two or three transfusions at weekly 
intervals are necessary. The modem drip-transfusion method is preferable. 

The beneficial effects of liver soup in sprue have betui noted since the 
early days of Manson and van der Burg. Since the discoveries of Minot 
and Murphy in 1926 it has been customary to reinforce soup by more 
potent liver extracts. The best are those of Eli Lilly, Parke Davis, and 
Oxo (Liveroid), but large quantities are required, and they are expensive. 
An important advance is intramuscular injection. In the Editor*s hands. 
CampoUm {Bnjex), HepeUex, Pltxan md Examen have been most efficient. 
In g^ve cases 4 e.c. is injected daily ior six injections, but usually a series 
of 12 injections of 2 c.e« slices. Thev should be made deep subcutaneously 
into the buttock, and are usually followed on the ninth or tenth day by a 
rise in the reticulocyte count, ^e first injeciioDB may be rather painful, 
but this gradually works off as more are given. Sometimes the f^dition 
of iron is of advantage, especially in cases without m^galocytie blood 
changes. It may be given in the form of ferrous sulphate tablets (Glaxo) 
three times daily, or of hamaHnic pkuhdes (Wyeth). 

Flatuhuce and nisUorism^ — ^In cases with extreme distension injection 
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of pituitary extract, especially 'pitressin (J-1 c.c.), is followed by passage 
of flatus and instant relief. Tablets of salol (10 gr.) and charcoal biscuits, 
or Charkaolin (Allen and Hanbury) in teaspoonful doses, are useful. 

Constipation, — The constipation followmg the acute phase of sprue may 
be diflBcult to overcome. Often hard scybalas form in the sigmoid colon and 
become impacted. The best aperient is castor oil. In extreme cases it may 
be necessary to give an enema of warm olive oil (10 oz.) and subsequently 
to remove the scybalae from the rectum by the finger. As a general 
aperient, petrolagar {red label) or agarol is preferable to liquid paraffe. 

Anal excoriaiion and irrUaiion is sometimes a distressing feature, and 
may be relieved by the following ointment : 

Orthoform 40 gr. 

Zinc oxide 120 gr. 

Starch 120 gr. 

Paraffin ad 1 oz. 

Tetany and cramps, — The treatment of these symptoms, which are due 
to calcium deficiency, is by administration of calcium by the mouth in 
doses of 10 gr. thr(*e times daily, and in extreme cases by intravenous 
injf3ctidn of salts, such as calcium gluconate (Sandoz) 10 c.c. or more. 

To increase assimilation in atrophic cases, — Glucose, 2 oz. daily, should 
h(‘ added to the dietary throughout ; and to increase assimilation when 
intestinal atrophy is a feature, insndin, 2-6 units, injected twice daily, 
may often be followed by an mcrease of the appc^tite and a corresponding 
aptitude for absorption. 

Anorexia and vitamin deficiency. — The loss of appetite and taste 

in severe cases of sprue is a difficulty, but usually improves gradually 
when the patient is put to bed. It has been found that vitamin 
(aneurin) increases the desire for food ; it may be injected, in doses of 25 
mgm. daily, with advantage. It is curative also in cases presenting neuritic 
symptoms with loss of deep reflexes. 

Hcemorrhages and scorbutic sijfnptoms, — The Editor has treated tw’o 
cases of puri)uric rash restunbling scurvy. This complication calls for 
vitamin C, either as ascorbic acid or as orange juice. 

Additional methods of treatment. — Massage and passive move- 
ments are of benefit, espi^cially in men wdio have been accustomed to 
exercise. Massage of the arms and legs should be instituted at once, but 
the abdomen should be left until the more urgent symptoms have sub- 
sided, wheq in constipated cases abdominal massage is of distinct value. 

Heliotherapy and ultra-violet light radiations applied to chest and 
abdomen are very stimulating during convalescence in atonic and de- 
bilitated cases. 

Convalescence. — Sprue patients, if possible, ought not to return to the 
tropics. Young adults often recover completely, but the danger of relapse 
is greatly enhanced in those over 60 if they return to the tropics, especially 
India. If compelled by circumstances to do so, they must exercise the 
utmost care for their health, and avoid exposure, cold baths, and all 
excesses ; purge gently, and go on simple diet on the slightest sign of 
relapse. AJcohol, especially strong spirits, is strictly contra-indicated for 



548 


SPRUE AND HILL DIARRHCEA 


at least three months from the time of appa^nt recovery ; light French 
wine may then be permitted. 

Appended, as a guide for convalescent cases of sprue, is a diet table, 
which should be continued as long as possible. 

Suggested Diet far Convalescent Cases of Sprue 


Breakfast. 

Well-boiled porridge (Quaker oats) or 
gruel. Sour milk (yogbourt). 

Lightly boiled egg. 

Toast, rusks or biscuits 

Cocoa, weak tea,' or chocolate made 
with milk. 

Butter in small quantities with toast 
or rusks. j 

o.w. j 

Warm milk or Sprulac, half a pint. ; 


dear liver soup, or chicken broth. j 

Chicken, preferably minced, boiled; 
or roast. 

Underdone minced beef. 

Spinach, vegetable marrow, young 
peas, cauliflower, or French beans. 
Milk puddings ; sago, semolina. 
Baked apple or banana. 

Tea. 

Weak tea. 

Toast. 

Wafers, water or Marie biscuits. 
Madeira cake. Sponge fingers. 

(Dinner shenM be ike lightest 
meat of the day.) 


Dinner (7 p,m.). 

Brains. 

Sweetbread. 

Fruit or calves-foot jeUy. 

Arrowroot. 

Fruits permitted. 

Strawberries, commencing with 
maximum, 3 lb. 

Raspberries, blackberries (as above). 
Hot-house grapes. 

Fruit jellies. 

Bael f^t, bananas, oranges, papaya, 
tomatoes. 

Ripe pears. 

Articles of diet to be avoided. 

Salmon, trout, mackerel, herrings. 
Cheese. 

Fresh bread. 

Jams, especially marmalade. 

Grease or fat. 

Suet puddings. 

Nuts. 

Cakes with raisins. 

Baked or fried potatoes. 

Pastry. 

Alcoholic drinks, especially spirits, 
gin, brandy and whisky. 

^neral waters. 


Trratment of complications. — (Careful search should be made for any 
co*^xi8tmg infection from which the patient may be suffering. Malaria, 
especially benign tertian, and, more important stiU, syphilis, may prejudice 
recovery. Sprue patients with syphiRs tolerate antisyphilitic treatment 
well and their general condition is benefited. Sprue may be complicated 
by amoebic dy^ntery, and in such cases vigorous treatment with emetine 
and emetine-bismuth'iodine may be necessary before any improvement in 
the general condition is not^. Acute appendicitis quite commonly 
complicates sprue and may necessitate operation, with the result that the 
underlying sprue is improved. Sometimes acute lobwr pneumonia mav 
supervene, and it has been noted that the sprue symptoms have been muon 
improved after recovery. 

Oral sepsis , — Carious teeth and pyorrhoea must be attended to after the 
subsidence of acute symptoms, but care should exercised; it is a 
mistake to advocate too rapid extraction, as this is apt to provoke relapse* 

* sprat t«ft it btit iDiidt wltli boOlRfir mitt In pitct of wtttr. 
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HILL DIAKBHCEA 

Definition. — A form of morning diarrhoea accompanied by flatulent dyspepsia 
and the passage of copious liquid, pale, frothy stools. It occurs principally in 
Europeans on visiting the hills after residing for some time in the hot lowlands of 
tropical countries. Hill diarrhoea is a frequent precursor of the fully developed 
disease — sprue. 

Geographical and seasonal distribution. — Crombie, who gave an 
excellent account of this disease in India, pointed out that a similar affection 
may show itself in the highlands of Europe, Africa, and possibly South 
America. Steen described a similar diarrhoea in Java, where it is known as 

Bandoeng sprue.” There is no reason, therefore, to suppose that hill 
diarrhoea is peculiar to India, although, owing to the large European population 
frequenting the hill sanatoria in that country, it has been peuticularly noticed 
there. An elevation of 6,000 feet or over, when combined with an atmosphere 
saturated with water vapour, is particularly favourable to its development. In 
India it is found to begin and end with the rains, during which, in certain years 
and places, it is apt to assume almost epidemic characters. Thus, during the 
wet season of 1 880, in Simla, an epidemic of hill diarrhoea affected firam 60 to 75 
per cent, of the European population, three-fourths of the cases appearing 
within a week of each other. In some years hill diarrhoea is less prevalent 
than in others ; but at the proper season few of the various hill sanatoria of India 
are without cases. 

Etiology and pathology. — It is difficult to say what may be the precise 
factors determining this disease. Low barometric pressure associated with 
great elevation above the sea-level may be a favouring circumstance. Damp 
seems to be indicated by the fact that the disease occurs principally during the 
rains. Chill after exposure to the high temperature of the plains has possibly an 
important share, but hill diarrhma is certainly something more than an in- 
testinal catarrh. There are no adequate grounds for connecting it with either 
the water or the food supply, though at one time Duncan advanced the hypothesis 
that mica in the drinking-water caused irritation of the intestinal mucosa. There 
is little doubt that it is in some way connected with sprue. Steen in Java 
suggested suprarenal insufficiency as the primary cause, but his views have not 
received much support. 

Symptoms. — Without very obvious cause, the patient, who in other respects 
may be in good health, soon after arrival at a hill sanatorium becomes subject 
to a daily recurring diarrhcea, the looseness coming on regularly every morning 
some time between 3 and 6 o’clock. The calls to stool are apt to be sudden and 
imperative. The motions passed are remarkably copious ; very watery in some 
instances, pasty in others. They are pale, frothy, and like recently stirrod white- 
wash, BO devoid are they of biliary colouring matter. Their passage is attended 
with little or no pain, often with a sense of relief. From one to h^ a dozen or 
more such stools may be voided before 1 1 a.m. After that hour — at all events, 
in ordinary cases — ^the diarrhcea is in abeyance for the rest of the day, and the 
patient may then go about his duties or pleasures without fear of inconvenience. 

The distinotive features of this form of diarrhoea are, therefore, the regidarity 
of its reourrenoe every morning and its cessation after a certain hour in the 
forenoon ; the absence of colour in the stools ; and the attendant flatulence. 
The abdomrai is sometimes blown out like a drum, the patient being conscious of 
unpleasant borborygmi associated with a feeling as if some boiling or chemical 
opcnration were proceeding in his inside. Occasionally the stools are very pale 
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although there is no diarrhoea. A certain proportion of patients in whom 
symptoms persist develop the clinical picture of sprue. 

Treatment. — ^The treatment recommended by Crombie, and endorsed by 
other medical men of experience in India, consists of a strict milk diet, rest, 
warm clothing, a teaspoonful of liquor hydrargyri perchloridi in water about 
fifteen minutes after food, and 12 gr. of pepsin, or a corresponding quantity of 
lactopeptin, two hours later. If, in spite of treatment, the disease persists, 
tl» patient must return to the low country. 



CHAPTER XXX 


INFANTILE CIRRHOSIS OF THE LIVER 

A SPKCIAL type of liver cirrhosis in Indian children was first described by Sen 
(1887). The disease appears to be peculiar to India, though a few similar cases 
have been reported from Mexico and North China. Cirrhosis of the liver of 
unknown eetiology is widespread in young adults in the tropics, especially in the 
East Indies (see p. 31). 

This disease is prevalent in Hindu children. In Calcutta, from 1891 to 1893 
inclusive, infantile biliary cirrhosis — the name given to the disease — caused 1,748 
deaths. Although the Hindu and Mohammedan populations of that city are 
about equal, as many as l,fil6 of the deaths occurred in Hindus, whilst only 80 
occurred among Mohammedans, the balance of the mortality being among the 
Eurasians and other races. The disease occurs principally in children under one 
year, rarely attacking those over three years. Rao (1941) stated definitely that 
it most commonly occurs in children between the ages of six and twenty-four 
months, that it is not found in Moslems or Europeans, and that it occurs 
chiefly in vegetarian families. As a rule, it begins during dentition, or about the 
seventh or eighth month, running a fatal course in from three to eight months. 
In rare cases it may commence within a few days of birth. Instead of lasting 
several months, its progress may be much more rapid, and terminate in death 
in from two to three weeks. In India it is common in Bengal, Madras, Bombay 
Presidency, and the United Provinces ; it is more prevalent in rural districts than 
in towns. 

Etiology. — The cause of infantile cirrhosis is unkno^im. Neither alcohol, 
syphilis, nor malaria has anything to do with it. The children of the well-to-do 
are relatively more frequently attacked than those of the poor. It tends to run 
in families, child after child of the same parents succumbing within a year or two 
of birth. Mukerji remarked that the direase is especially apt to occur in grossly 
overfed and pampered children in Bengal, and has adduct evidence that the 
virus is probably conveyed by the mother's milk to the child. Green- Armytage 
liclieved the true aetiology to be a deficiency of vitamins in the mother's diet, 
thus depressing the mammary secretion and the endocrine system of the foetus, 
in overfeeding of the child when bom, and insufficient feeding of milch animals. 
Kao, who isolated Bact, coli from the liver and ascitic fluid, believed that the 
essential factors are cow's milk and the toxins of Bact. colt. In favour of this 
hypothesis, he found that the substitution of modem infant mUk foods for 
cow's milk prevents the occurrence of further cases in cirrhosis families. One 
critical instance is cited of mixed twins in which the female on cow’s milk de- 
veloped cirrhosis, whilst the breast-fed male escaped. 

Pathology. — Gibbons gave an elaborate and most careful account of the 
pathological anatomy of this disease ; he concluded that it is a peculiar form of 
biliary cirrhosis, the consequence of the action on the liver-cells of some irritant 
of gastric origin, which leads to degeneration of the cells in the first instance, with 
subsequent increase of intercellular connective tissue and, later, of the poHal 
sheaths. The formation of new bilo-dut4» between the hepatic cells, which is a 
welbmarked feature, ho regarded as evidence of a natural curative effort, having 
for its object a regeneration of the liver-cells. Green -Armytage cAlled the disease 
intercellular hepatic cirrhosis. K. Rao (1935) contributed the most profound 
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at least three months from the time of apparent recovery ; light French 
wine may then be permitted. 

Appended, as a guide for convalescent cases of sprue, is a diet table, 
which should be continued as long as possible. 

Suggested Diet for Convalescent Cases of Sprue 


Breakfast. 

Well-boiJed porridge (Quaker oats) or 
gruel. Sour milk (yoghourt). 

Lightly boiled egg. 

Toast, rusks or biscuits 

Cocoa, weak tea,^ or chocolate made 
with milk. 

Butter in small quantities with toast 
or rusks. 

] a.m. 

Warm milk or Sprulac, half a pint. 


Clear liver soup, or chicken broth. 
Chicken, preferably minced, boiledj 
or roast. 

Underdone minced beef. 

Spinach, vegetable marrow, young| 
peas, cauliflower, or French beans. 
Milk paddings ; sago, semolina. 
Baked apple or banana. 

Tea. 

Weadc tea. 

Toast. 

Wafers, water or Marie biscuits. 
Madeira cake. Sponge fingers. 

(Dinner should be the lightest 
meal of the day.) 


Dinner (7 p,m,). 

Brains. 

Sweetbread. 

Fruit or calves-foot jelly. 

Arrowroot. 

Fruits permitted. 

Strawberries, commencing with ^Ib.; 
{ maximum, 3 lb. 
j Raspberries, blackberries (as above). 

Hot-house grapes, 
j Fruit jellies. 

Bael f^t, bananas, oranges, papaya, 
tomatoes. 

Articles of diet to he avoided. 

Salmon, trout, mackerel, herrings. 
Cheese. 

Fresh bread. 

Jams, especially marmalade. 

Grease or fat. 

Suet puddings. 

Nuts. 

Cakes with raisins. 

Baked or fried potatoes. 

Pastry. 

Alcoholic drinks, especially spirits, 
gin, brandy and whisky. 

Mineral waters. 


Treatment of complications. — Oarefol search should be made for any 
co-existiDg infection from which the patient may be suffering. Malaria, 
especially benign tertian, and, more important still, syphilis, may prejudice 
recovery. Sprue patients with syphihs tolerate antisyphilitic treatment 
well and their general condition is benefited. Sprue may be complicated 
by amoebic dysentery, and in such cases vigorous treatment with emetine 
emetine-bismuth-iodine may be necessary before any improvement in 
the general condition is noted. Acute appendicitis quite commonly 
complicates sprue and may necessitate operation, with the result that the 
underiying sprue is improved. Sometimes acute lobar pneumonia may 
supervene, and it has be^ noted that the sprue symptoms have been much 
improved after reooveiy. 

Oral sepsis . — Carious teeth and pyorrhoea must be attended to after the 
subsidence of acute ^rmptoms, but care should |>e exercised; it is a 
mistake to advocate t<m rapid extraction, as this is apt to provoke relapse. 

' S|mi« tm a Imi ni^de witb boding milk in place of water. 
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HILL DIAREHfflA 

Definition. — A form of morning diarrhoea accompanied by flatulent dyspepisia 
and the passage of copious liquid, pale, frothy stools. It occurs principally in 
Europeans on visiting the hills after residing for some time in the hot lowlands of 
tropical countries. Hill diarrhoea is a frequent precursor of the fuUy develoi)ed 
disease — sprue. 

Geographical and seasonal distribution. — Crombie, who gave an 
excellent account of this disease in India, pointed out that a similar affection 
may show itself in the highlands of Europe, Africa, and possibly South 
America. Steen described a similar diarrhoea in Java, where it is known as 
“ Bandoeng sprue.” There is no reason, therefore, to suppose that hill 
diarrhoea is peculiar to India, although, owing to the large European population 
frequenting the hill sanatoria in that country, it has been particularly noticed 
there. An elevation of 6,000 feet or over, when combined with an atmosphere 
saturated with water vapour, is particularly favourable to its development. In 
India it is found to begin and end with the rains, during which, in certain years 
and places, it is apt to assume almost epidemic characters. Thus, during the 
wet season of 1880, in Simla, an epidemic of hill diarrhoea affected from 50 to 75 
per cent, of the European population, three-fourths of the cases appearing 
within a week of each other. In some years hill diarrhoea is less prevalent 
than in others ; but at the proper season few of the various hill sanatoria of India 
are without cases. 

Etiology and pathology. — It is difficult to say what may be the precise 
factors determining this disease. Low barometric pressure associated with 
great elevation above the sea-level may be a favouring circumstance. Damp 
seems to be indicated by the fact that the disease occurs principally during the 
rains. Chill after exposure to the high temperature of the plains has possibly an 
important share, but hill diarrhoea is certainly something more than an in- 
testinal catarrh. There are no adequate grounds for connecting it with either 
the water or the food supply, though at one time Duncan advanced the hypothesis 
that mica in the drinking-water caused irritation of the intestinal mucosa. There 
is little doubt that it is in some way connected with sprue. Steen in Java 
suggested suprarenal insufficiency as the primary cause, but his views have not 
received much support. 

Symptoms. — Without very obvious cause, the patient, who in other respects 
may be in good health, soon after arrival at a hOl sanatorium becomes subject 
to a daily recurring diarrhoea, the looseness coming on regularly every morning 
some time between 3 and 5 o^clock. The calls to stool are apt to be sudden and 
imperative. The motions passed are remarkably copious ; very watery in some 
instances, pasty in others. They are pale, frothy, and like recently stirred white- 
wash, so devoid are they of biliary cedouring matter. Their passage is attended 
with little or no pain, often with a sense of relief. From one to h^ a dozen or 
more such stools may be voided before 11 a.m. After that hour — at all events, 
in ordinary cases — the diarrheea is in abeyance for the rest of the day, and the 
patient may then go about his duties or pleasures without fear of inconvenience. 

The distffictive features of this form of diarrhoea are, therefore, the regularity 
of its recurrence every morning and its cessation afto a certain hour in the 
forenoon ; the absence of colour in the stools ; and the attendant flatulence. 
The aJbdomen is sometimes blown out like a drum, the patient being conscious of 
unpleasant borborygmi associated with a feeling as if some boiling or chemical 
operation were pro^eding m his inside. Occasionally the stools are very pale 
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although there is no diarrhoea. A certain proportion of patients in whom 
symptoms persist develop the clinical picture of sprue. 

Treatment. — ^The treatment recommended by Crombie, and endorsed by 
other medical men of experience in India, consists of a strict milk diet, rest, 
warm clothing, a teaspoonful of liquor hydrargyri perchloridi in water about 
fifteen minutes after food, and 12 gr. of pepsin, or a corresponding quantity of 
lactopeptin, two hours later. If, in spite of treatment, the disease persists, 
the patient must return to the low country. 



CHAPTER XXX 


INFANTILE CIRRHOSIS OF THE LIVER 


A SPKOIAL type of liver cirrhosis in Indian children was first described by Sen 
(1887). The disease appears to be peculiar to India, though a few similar cases 
have been reported from Mexico and North China. Cirrhosis of the liver of 
unknown aetiology is widespread in young adults in the tropics, especially in the 
East Indies (see p. 31). 

This disease is prevalent in Hindu chUdren. In Calcutta, firom 1891 to 1893 
inclusive, infantile biliary cirrhosis— the name given to the disease — caused 1,748 
deaths. Although the Hindu and Mohammedan populations of that city are 
about equal, as many as 1,616 of the deaths occurred in Hindus, whilst only 80 
occurred among Mohammedans, the balance of the mortality being among the 
Eurasians and other races. The disease occurs principally in children under one 
year, rarely attacking those over three years. Rao (1941) stated definitely that 
it most commonly occurs in children between the ages of six and twenty-four 
months, that it is not found in Moslems or Europeans, and that it occurs 
chiefly in vegetarian families. As a rule, it begins during dentition, or about the 
seventh or eighth month, running a fatal course in from three to eight months. 
In rare cases it may commence within a few' days of birth. Instead of lasting 
several months, its progress may he much more rapid, and terminate in death 
in from two to three weeks. In India it is common in Bengal, Madras, Bombay 
Presidency, and the United Provinces ; it is more prevalent in rural districts than 
in towns. 

Etiology. — The cause of infantile cirrhosis is unknowm. Neither alcohol, 
syphilis, nor malaria has anything to do with it. The children of the well-to-do 
are relatively more frequently attacked than those of the poor. It tends to run 
in families, child after child of the same parents succumbing within a year or two 
of birth. Mukerji remarked that the disease is especially apt to occur in grossly 
overfed and pampered children in Bengal, and has adduct evidence that the 
virus is probably conveyed by the mother’s milk to the child. Green-Armytage 
l>elieved the true letiology to he a deficiency of vitamins in the mother’s diet, 
thus depressing the mammary secretion and the endocrine system of the foetus, 
in overfeeding of the child when bom, and insufficient feeding of milch animals. 
Rao, who isolated liact. coli from the liver and ascitic fluid, believed that the 
essential factors are cowl’s milk and the toxins of Bctct, coli. In favour of this 
hypothesis, he found that the substitution of modern infant milk foods for 
cow’s milk prevents the occurrent^ of further cases in cirrho^ families. One 
critical instance is cited of mixed tw’ins in which the female on cow’s milk de- 
veloped cirrhosis, whilst the breast-f(Bd male e8oa))ed. 

Pathology* — Gibbons gave an elaborate and most careful account of the 
pathological anatomy of this disease ; he concluded that it is a peculiar form of 
biliary cirrhosis, the consequence of the action on the liver-cells of some irritant 
of gastric origin, which leads to degener^ttion of the liells in the first instance, with 
subsequ^t increase of intercellular connective tissue and, later, of the portal 
sheaths. The formation of new bile-duets between the hepatic cells, which is a 
well-marked feature, he regarded as evidence of a natural curative effort, having 
for its object a regeneration of the liver-cells. Green- Armytage cilled the disease 
interoellular hepatic cirrhosis. K. Rao (1935) contributed the most profound 
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study up to date by the application of the silver impregnation meihod. He 
conclude that the disease is a subacute iaxic cirrhosis indistinguishable firom 
Lsennec's cirrhosis. He emphasized the varying degrees of necrosis of the liver 
cells, the avascular oedematous connective-tissue network, and the obliterative 
lesions of the terminal and some of the bigger divisions of the hepatic venous 
tree without apipreciable changes in the por^ and biliary trees. There is also a 
poor attempt at regeneration of the hepatic parenchyma. 

Symptoms. — Commencing insidiously, the characteristic initial enlargement of 
the liver may have made considerable progress before the disease is suspected. 
In the course of one or two months the liver has enlarged to the iliac crest. It is 

smooth and hard, and in some 



5#. — Advanced case oQ ciirbosis of the liver 
wttli asdtes and cedema of the bands and feet, 
but no Jaundice. (After Rao.) 


oases also the spleen is hyper* 
trophied. Nausea, occasional 
vomiting, sallowness, feverish- 
ness, constipation, anorexia, 
irritability of temper, thirst, 
and languor call attention to 
the child*s condition. Fever 
of a low t 3 ;T>e sets in ; the 
sallowness deepens into pro- 
found jaundice ; the stools are 
clay-coloured, the urine is dark 
with bile, and there may be a 
terminal ascites, with puffiness 
of the feet and hands. (Fig. 
80.) The skin may be bronz^ 
almost as deeply as in Addi- 
son’s disease. In five months 
from the onset, ascites and 
cedema ofhands, feet and eye- 
lids appear, and in the terminal 
stages (8~10 months) gastro- 
intestinal hemorrhages are 
found. Sooner or later, death 
from oholiemia ensues. The 
leucocyte count varies from 
14,000 to 50,000 in the termi- 
nal stages, the increase being 
due to lymphocytes. The 
accompanying ansemia is 
microcytic. 

Treatment.— According to 
Green-Armytage, when oases 
. are seen early and parents are 


given the necessary instmo* 
tion, recovery takes place in ^ to ten weeks. Whenever possible, in a family 
in which several cases of this disease have already occurred, the latest baby 
should be immediately removed from the mother and artificially nursed. 


Prophylaxis. — The mother must be fed properly in the antenatal and nursing 
pmiods. When weaning begins, the child should be fed on specially prepared 
infant foods, and 2-3 oz. of fr!^ fruit should be given dally ; looked salt (iodosol) 
should be added to all food, as vegetabks in Bengal are diffident in salts. 


Section IV.-INFECnVE GRANULOMATOUS 
DISEASES 

CHAPTER XXXI 

LEPROSY 

Definition. — A chronic infective granulomatous disease produced by the 
leprosy bacillus, characterized by lesions of skin, nerves and viscera, 
ending in local anaesthesia, ulceration and trophic lesions. After a prolonged 
course it is usually fatal. 

History . — ^The ancient history of leprosy is wrapped in the mists of time. It 
has been thought by some that the Egyptian records of 1350 b.c., in the reign of 
Rameses II, refer to this diaeaae, although RUffer found no evidence of leprotic 
mutilation in thousands of mummies he examined. In the same way, the writings 
of Confucius in China may possibly refer to leprosy, but is it certain that the 
Biblical accounts really concern the disease as we know it to-day ? When leprosy 
reached Greece it was first known as elephantiasis, but Aristotle in 345 B.c. 
clearly described its malign signs and symptoms. History relates that it was 
unknown in Italy until the return of Pompey’s legions from the East in 62 b.c. 
Galen wrote of the disease in Germany in a.d. 180. Spain became contaminated 
by Roman troops in the fifth and sixth centuries, and by the ninth and tenth 
it was common in France. Thereafter, there is some mention of the disease in 
England, leading to the establishment of the first leper hospital in Nottingham in 
A.D. 625. In due course it appeared in Wales, Scotland, the Shetlands, Faroe, 
Iceland and Greenland but, probably, while it was most prevalent in Western 
Europe in the Middle Ages, it began to decline during the fourteenth and fifteenth 
centuries. It was endemic in Ireland up to 1775, and the last British leper died 
in Shetland in 1798. At present it still simmers in the Iberian Peninsula, Norway, 
the Baltic Provinces, Southern Russia and Turkey. With the discovery of the 
West Indies and the American Continent, leprosy spread to the Western Hemi- 
sphere, where it was previously unknown, and for this the nefarious influence 
of the slave trade must be held primarily responsible. 

This sorry tale, however, pales in contrast with the rapidity of its extension 
in the Pacific during the latter part of the nineteenth century. Introduced by 
Chinese into Hawaii in 1848, it spread like wildfire. The most serious outbreak 
was in New Caledonia, where it was introduced in 1863, and two years later 
one-quarter of the population had been attacked. 

Epidemiology. — ^Various estimates have been made of the total number 
of lepers in the world. From official figures, admittedly incomplete, they 
number about 2,600,000, but this is undoubtedly an underestimate, and 
the true figure is probably about four to five millions. The most striking 
fact brought out by Bogers and Muir, in their study of climatic factors, is 
that every country with a high rate of incidence (5 per mille and over) is 
in the tropics and possesses high annual rainfall and a considerable degree 
of humidity. The state of civilization and culture amongst these coloured 
peoples is low, and they live in small overcrowded houses under conditions 
of semi^civiUziation favourable to the spread of this disease. 

The highest incidence is found in tropical Africa. The estimated rates 
per mille of population ar© 20 in Belgian Congo ; 16 in French Equatorial 
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Africa, and 5-10 in the British West and Central African colonies. In 
tropic^ Asia and Oceania a high rate of prevalence occurs, vrith rates 
vaiying from 2-22 per mille (New Caledonia and the Marquesas). In the 
Western Hemisphere the incidence varies from 1 in the West Indies to 
8*75 in Colombia, Venezuela and Brazil. The world-wide relation between 
rainfall and leprosy incidence is seen in the noteworthy fact that leprosy 
is almost completely absent from those parts of the tropics with a rainfall 
of less than 10 inches per annum. 

In temperate climates and in North Europe the rate appears to be nowhere 
over 1 per mille with the exception of parts of India, China and the Southern 
portion of Japan, in areas with a comparatively high rainfall. The explana- 
tion of these basic facts appears to be that dry heat is inimical to the 
survival of the lepra bacillus outside the human body. According to 
Bogers and Muir, ^e evidence of accumulated data favours the view that 
the organism generally invades the body through the skin. 

Bogers has furthermore suggested that mild tuberculization of a com- 
munity producing an exalted immunity to the tubercle bacillus also affords 
some protection to leprotic invasion, though the reverse is certainly not the 
case, as it is common knowledge that lepers often succumb to pulmonary 
tuberculosis. 

Predisposing factors. — The most important factors influencing the 
prevalence of leprosy are a low stage of civilization and accompanying 
grave hygienic defects. This was shown by the disappearance of leprosy 
from amongst a number of infected Norwegian immigrants into the United 
States when leprosy died out as a result of the greatly improved hygienic 
conditions under which they lived. It has become clear, moreover, that 
there is little or no tendency in leprosy to spread at the present day under 
favourable hygienic conditions in temperate climates. Defective housing 
and overcrowding furnish favourable conditions for its spread, and in 
the main endemic areas the poorer inhabitants live in close proximity 
to one another. One fact that has been brought out strongly in the 
Hawaii reports Is the effect of irregular sexual relationship with native 
women, and in the Marquesas Islands epidemic leprosy was spread by the 
prevailing promiscuity. Sociability, too, has b^n found to favour its 
spread ; thus, in Norway Hansen recorded that formerly it was considered 
impolite to repose to sleep in the same bed as a leper, lif he was not in an 
advanced and noticeable stage of the disease. The habit so prevalent in 
the Pacific Islands of smold^ communal pipes and of eating out of the 
same di^ naturally also favours infection. I^hmkce of fear of the disease, 
as in native tribes of Central Africa mid in the Pacific, and their objection 
to isolation of lepers naturally encourage direct contagion. 

Diet is said to pre^pose to leprotic infection, especially the edible 
yam root— colocasia— in the Pacific Islands. 

Epidemic diseases, such as typhus or plague, attoided by a hig^ general 
mortality, have in the past resulted in great, though temporary, decrease 
in prevalence of leprosy. 

— ^3%e univmaal and ancient conviction of the infectious nature 
of leproqr is accepted everywhere, but during tbq nineteenth century there 
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existed a deep-rooted belief in the almost exclusive origin of leprosy 
through heredity. Native belief for centuries in China, Japan and Central 
Africa has been moulded on the heredity theory, but it was held that this 
taint does not make its appearance until puberty. 

In St. Kitts Munro found, in 64 cases with reliable family records, that 
there was no family history in 84, whilst of the remainder there existed a 
direct history in 9 only. During the past decades much positive evidence 
has been obtained against the heredity theory. First, there is the 
diminished fecundity of lepers, which is well known. The rapid increase 
of leprosy in Hawaii could by no means be explained on any hereditary 
basis. The most striking example, however, in history is the observations 
of Hansen on 170 Norwegians who migrated to Minnesota, U.8.A. when 
suffering from the disease ; not one of their descendants, up to the third 
generation, had contracted leprosy in America. 

Contagion . — It is generally accepted that leprosy is conveyed from the 
sick to the healthy by contagion, and this is emphasized by all who have 
M^Titten on this subject, such as Brousse in Trinidad (1879), Hills in British 
Guiana (1881), and Leloir in the Hawaii reports of 1886. A native of 
a non-leper colony may acquire the disease on visiting a leper country 
and, moreover, may communicate it to his fellow countrymen on his 
return. One well-authenticated instance occurred in 1872 when an Irish- 
man, who became a leper in the West Indies, returned and conveyed it to 
his brother in Dublin. The Editor studied a somewhat similar case in 
a woman whose husband — a Mauritian — ^had died of leprosy, and who 
developed the disease in London, where she had lived all her life, after 
an incubation period of seven years. 

Intimate contact appears to be necessary, combined with lowered 
n^istance and susceptibiUty to infection, b^use implantation of the 
bacillus does not alone suffice. Many attempts have been made in the 
past to communicate leprosy to man by inoculation ; all, with two 
questionable exceptions, have failed. De Langen (1986), however, reported 
the case of a European in Java who was injected with morphia from a 
syringe previously used on a leper ; six months later a leprous nodule 
appeared on the forearm at the exact site of the morphia injection ; sub- 
sequently, lepromatous manifestations were noted. In June, 1986, 
Lagoudaky was twice inoculated intramuscularly with leper blood. Some 
forty-four days later two small subcutaneous leprous lesions appeared and 
he was demonstrated in 1988 at the International Lepro^ Confess. 

The rapid spread of leprosy in a susceptible community is difficult to 
reconcile with the statement that in many instances contact under favour- 
able circumstances has failed to convey the disease. Thus, in those who 
have lived lor a long time in attendance on lepers there have been only a 
ven* few instances of inf^tion, e.g. the historic cases of Fath^ Damien at 
Molokai, and two Sisters of Mercy and the Medical Superintendent at 
Bobben Island in South Africa. But hundreds of attendants on lepers 
pursue their work for years unscathed. In Louisiana 19 Sisters of Charity 
have b€M 3 n in attendance on lepers fm: 41 years without one single instance 
of infection. 

As with tuberoulosiB, evidence points to the susceptibiUty in early life. 
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The relationships involving intimate contact in childhood flire most in- 
portant. This has been realized in the Culion Island leper colony (Philip- 
pines) where children of lepers removed from their leprous surroundings 
do not contract leprosy. Amongst 10,000 lepers there Denny noted that 
35 per cent, were brothers and sisters, 27 per cent, cousins, 11 per cent, 
children of lepers, 7 per cent, parents of lepers but only 1 per cent, husband 
and wife. In Japan it is recorded that 7 per cent, of children of lepers 
contract the disease. 

Bacillus lejyrce {Mycobacterium kprm ). — This organism is the accepted 
cause of leprosy and is present usually in great profusion in the tissues. 
In size, shape and staining reactions it closely resembles the tubercle 
bacillus. It exhibits marked pleomorphism ; the ends are somewhat 



Fig. 51.— Sectlofl of ipkcn fhowlag lepra celff and lepra bactm 

X 800. 

attenuated and by some it is said to possess a gelatinous capsule. Indi- 
vidual bacilli vary in size, from 1 *5 to 5 /i in length and from 0*2 to 0 5fi 
in breadth. Curved forms with pointed ends are not uncommon. In the 
reactionary gtages of the dioease the organisms may be granular, coccoid, ' 
mono- or bipolar. Bound, qmre-like bodies often impart a granular ; 
appearance to a clump of bacilli. In common with the tubercle and 
smegma bacilli 3dyeo. lejrrcB is add-fast, retaining carbol fnchsin stain ] 
after being treated with mineral adds, thou^ it may be distinguished from ’ 
Myeo. tu^euhms by bdng more easily decolorized by alcohol than 1 
adds. Moreover, it occurs in lu^ numbers in the lesions, chiefly in j 
zoogloea maases within the Iqaa cells, often grouped ti^ther like bundles i 
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of cigars or arranged in a palisade. Chains are never seen. Most striking 
are the intracellular and extracellular masses, known as glohi, which consist 
of clumps of bacilli in capsular material. (Pig. 81.) 

The bacilli can be readily demonstrated by excision of a leproma, or 
they can be obtained by clamping a nodule, pricking the solid tumour, 
collecting a droplet of expressed “ leper juice ” on a coverslip and staining 
by the Ziehl-Neelsen method. They are Gram-positive. They are found 
in all primary deposits, in the skin lepromata, in marginal infiltration of 
the macular eruptions (where they may be very sparse), in apparently 
normal skin in the vicinity of leprous lesions, in the early stages of leprous 
neuritis (where also they may be present in small numbers) and in the 
specific lesions in the liver, spleen, testes and lymphatic glands. In the 
blood vessels they have been found in the endothelium and occasionally 
free in the blood, or engulfed by leucocytes. This fact is specially useful in 
diagnosis when thick dehssmoglobinized blood-films are stained by Zeehl- 
Neelsen stain. Bacilli are also abundant in the purulent and mucoid 
discharges from the nose, as well as from ulcerating lepromata. Very 
rarely have they been found in the spinal cord or lungs. 

CuUivaiion of Myco. kprcBy though repeatedly attempted, has never been 
really successful. Some investigators, it is true, have obtained growths of 
acid-fast bacilli (chromogenic and non-chromogenic), or diphtheroids, which 
in some instances liave developed acid-fast forms on subculture. Others 
have described branching bacilli, granular and eoocoid forms. 

It is probable that all four varieties (diphtheroid, pigmented acid-fast, 
apigmented acid-fast and acid-fast strep tothrices) have been more or 
less commonly encountered in leprous tissue in various parts of the world. 
When some of these cultures are injected transient granulomatous lesions 
have been obtained, but there is general agreement that they do not 
constitute true leprotic lesions. 

Inoculaiion of animals with human leprous material containing 
prodigious numbers of organisms does not give rise to typical progressive 
leprous lesions. Adler (1937) succeeded, to a limited extent, in communi- 
cating leprosy to young splenectomized Syrian hamsters {Cricettis auratus), 
A fragment of lepra nodule was inserted under the skin and, when the 
animal was later killed, leprosy bacilli were demonstrated in the liver, and 
(in other animals) in neighbouring enlarged and caseating glands, but he 
failed entirely to carry on the disease by subinoculation in a continuous 
series of hamsters. Similar results have l>een obtained by Burnet. Subse- 
quently Dharrnendra and Low^e in India, in a series of carefully planned 
experiments on the same animals, by implantation into the abdominal wall 
and intraperitoneal inoculation, fail^ to produce generalized or progressive 
infection. When the nodule was implanted into the abdomined wall, 
masses of bacilli were found at the site of the implant, but not beyond, 
and bacilli were found elsewhere in two animals only. The fact seems to 
be that lepra bacilli can survive for long periods in inoculated animals and 
even dean bacilli may evoke’’ local reactions and produce pathological 
appearances similar to those produced b^ living organisms. Araujo in 
Brazil appears to have had experiences similar to those of Adler and to 
have found the organisms in the European hamster (Cricetus cricehis) in 
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great profasion. Collier (1940) implanted lepromatous material beneath 
the skin of monkeys fed on a diet of Cohca^ia (Yam) over a long period. It 
is claimed that some developed symptoms reminiscent of leprosy in man 
and that acid^fast bacilli were obtained from material procured from the 
ears of these animals. 

Rat leprosy>—k leprotic disease of the rat, which occurs naturally 
throughout the world, was first observed by St^fansky in Odessa in 1908. 
Two types are recognized : disease of skin and muscle and disease of 
lymphatic glands. In tropical rats it occurs commonly and has been 
specially studied by Lampe and de Moor in Java. House rats are usually 
affected, especially R. ratitis concobr and R. decumanus. Infection in 
these AniTHAlg is conveyed by injury and by cannibalism. Laidlaw 
succeeded in transmitting this disease to the Syrian hamster, and it can 
also be conveyed to rats of the same species, infection taking place readily 
through skin abrasions and subcutaneous inoculation. The bacillus is 
Mycobacterium lepras murium, morphologically indistinguishable from 
Myco, lepras, whilst the lesions resemble those of human leprosy, macro- 
scopically as well as histologically. Attempts at cultivation have shovm 
much the same negative results as in human Myco. lepras. 

In spite of the general siinilarity of human and rat leprosy, it is generally 
agreed that the organisms represent two separate and distinct species and 
there does not seem to be any connection between this disease of the rat 
and human leprosy. 

Padiology. — Spread of leprosy through the body, — Myco, leprce enters the 
akin either by direct inoculation, or by spread from another focus, 
possibly carried by wandering cells. Passing through the capillary walls, 
the bacilli lie in the perivascular lymphatics or are ing<^ted by endothelial 
cells and histiocytes. The process is diflScult to follow in the case of 
macules with scanty bacilli, which spread centrifugally. The bacilli pass 
from the cutis to tiie main nerve tranks by the lymphatic channels and are 
found lying singly or in groups between the nerve fibres. Metastatic 
spread throng the bloodstream and auto-inoculation through abrasions 
also occur. Bacilli have been found in the corium of the skin over almost 
the whole body. It was formerly supposed that they were absent from the 
soles of the feet and palms of the ^nds, but this is incorrect ; macro- 
scopically, the lesions are inconspicuous in these situations owing to 
cor^cation of the skin. 

In advanced lepers the mucous membrane of the nose, mouth and 
pharynx are affected, and the eye frequently, both sup^cially and 
deep. The lui^, even in the most advanced stages, escape to a great 
extait. The liver is usually invaded, and bacilli are found in the inter- 
lobnlar connective tissue and around the central veins. The interstitial 
Knpfibr cells are swollen with bacilli, which, however, do not penetrate 
the parenchyma cells. 

In acute advanced cases the spleen is often involved, especiaUv in the 
artoriid sheaths and the Malpighian bodies." The glands at the hunm are 
frequently infiltrated. Small numbers of badlU l^ve been demonstrated 
in the cesophagns, stomach and intestine, with involvement of oorre* 
spending l^ph 0Bnd». Absence of intestinal ulceration eharaet^h^ 



PATHOLOGY 


559 


loprosy. In nodular leprosy the bacilli may be present in the glomerulus 
of the kidney, when th(»y may cause hyaline degeneration and interstitial 
n(‘phritis,‘ which is quite common in leprosy. 

In a large proportion of cases of nodular leprosy of prolonged duration 
albuminoid or lardaceous disease of the alimentary canal, liver, spleen and 
kidneys ensues. 

The Buprarenals are attacked in all cases in which the liver and spleen 
are affected. The testicles are to a great extent destroyed in all nodular 
cases by inter- and intra-tubular invasion. The testicular tissue is finally 
completely destroyed. 

Leprous affection of lymphatic glands is histologically obvious. The 
glands are swollen, but without • alteration of form. On section, the 
ampull® and medullary cords are yellow, or yellowish-brown, which renders 
tlu*m unmistakable. The inguinal glands are especially affected and the 
lowt^r members of the group may be as large as pigeon’s eggs. Micro- 
scopically, the ampullae and trabecul® are filled with globi : evidently lymph 
c('lls which have become filled with bacilli. The circulation through the 
glands is not arrested ; nevertheless, they retain their infectious products. 
Suppurating lymph glands are«not infrequently found in skin leprosy, 
♦^specially in the groin and neck. On the other hand, especially in the 
r*acific Islands, these glands may be tuberculous, or may even contain 
both leprosy and tubercle bacilli. 

Distribution of bacilli in skin and nerves . — In the skin the leprosy bacilli 
may be destroyed by the tissues of the body ; they may be latent, or they 
may multiply and spread. The vessels of the corium are arranged in two 
plexuses : the superficial or subpapillary and the deep or subcutaneous. 
Theses communicate through vessels adjacent to the hair-follicles and 
sweat glands. The subpapillary plexus supplies branches to the papillee ; 
the deep communicates with arterial and venous vessels lying in the sub- 
cutaiuK)US tissues. Nerve-plexuses correspond to those of the vascular 
system. 

I’he spread of leprous infection in the corium takes place in the lymphatic 
cbamiels. In some lesions the superficial plexus and its papillary branches 
are involved, in others the whole thickness of the corium. In others again 
Hpread is primarily along the deep plexus, invasion of the superficial layers 
taking place along the hair follicles, resulting in the pebbly appearance 
of some tuberculoid leprosies. 

The central nervous system is seldom the site of leprous lesions. When 
H(Tondary degeneration of the spinal tracts takes place it is due to extreme 
(b^truotion of peripheral nerves, but the spinal and Gasserian ganglia have 
bwm found to contain bacilli. Septic abscesses of the larger nerve trunks, 
especially the uhiar, are sometimes found. 

WTierever leprotic infection advances there is a general or local reaction 
on the part of the tissues to arrest the invasion. In t^e lepromatous 
type this reaction is generally limited, but in the neural it may be pro- 
nounced, and the leprotic process may remain for years conned to a 
single lesion. 

Lepromatous (nodular) leprosy.-— Young lepromata present a 

Hinooth, white, glistening appearance on section, but the older appear 
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browner. The specific lesions of leprosy differ from that of tuberculosis, 
inasmuch as they are well supplied with blood vessels and never undergo 
caseation. The earliest recognizable lesions are generally multiple, the 
result of bacillary metastasis from some unknown reservoir. The more 
acute the process, the more numerous the foci. Lesions are classifiable as 
nodules, papules, macules and diffuse infiltration. 

Nodtdes, round elevations of skin of limited size, may be temporary or 
permanent, soft vascular or fibrous. The nodule is probably fomed at the 
site of a bacillary embolus, either in normal skin or in a portion already 
infiltrated with leproma. (Figs. 82, 88.) 

Pajndes are smaller than nodules, not larger than a split pea. 



S2,->Efyftiaa chiMt aced il» ihowlfif acute earlj nodular lef rosy. 

(fir. H. K. Oiffen.) 


MaaJes are roughly circular or elliptical patches of discoloured skin, 
and are found in both the main types of the disease. 

Diffuse inJiUraiion of the skin is often noted without the appearance of 
nodules or macules. It is due to infection of the skin at numerous points 
accompanied by cellular infiltration, but response to the invading bacilli 
is insufficient ^ produce clinically noticeable signs. In resolving lesions 
the skin may assume a thin atrophic appearance resembling crushed 
parchment. 

The essential cell in defence agmst leprosy is the macrophage (^tiocy te) . 

There seems to be an aller^c element in tissue response in leprosy. 
The early reaction to lepromin is probably allergic, but it m not clear that 
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the late, tjrue reaction is the same. The lepromin test is usually negative 
in lepromatous cases, positive in tuberculoid and nervous cases, and usually 
positive in child contacts, especially in the later years of childhood. 

When the resistance of the individual is high, characteristic histological 
changes are ; concentration of round cells, especially round hair follicles 



Fi^. ft3.~-NoduUr leprosy in an Egyptian. 

{Photo, Or. H. K, Oifftn.) 


and vessels and development of the “ tuberculoid focus,” similar to 
tuberculosis. Tlie essentials in the histology of the skin in resistant or 
neural leprosy are : localization of the priKjess in the skin, the foci being 
chieflj perifollicular and perivascular ; formation of epithelioid and giant 
cells ; invasion of the subcutaneous nervt?8. 

The histopathology of the nerve lesion corresponds to that of the skin. 
In advanced lepromata bacilli and lepra cells are more abundant and there 
is formation of fine fibrous tissue in the erldoneiirium which may later 
contract and block the nerve-fibres. In the neural type l;>acilli are few, 
though it is easier to find them in nerves than in the sto. The cellular 
reaction also tends to be mon^ uitcmse so that epithelioid and giant cells 
are present in greater or kisser numbers surrounded by small K)und cells. 
Thi^ened nerve trunks inay l)ecoine enclosed in a dense fibrous sheath 
which may later cause cons&ction. 

In the non-resistant case the essential cell is the macroph^e but, as the 
bacilli multiply, so no attenipt is made to localize infection, owing to 
the relatively lowered resistance of the tissues. The bacilli multiply 
rapidly, the macrophages become active and ph^ocytose the bacilli. 
These are the lepra cells ” which are uniformly distributed beneath the 
(epidermis {m Rg. 81, p» 556). 
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In lepromatous leprosy there is no centralization of “ lepra cells ” in the 
ffranuloma : nerves in the cutis stand out and do not appear to be invaded. 
As this process continues, the invasion of the cutis becomes more intense, 
and all the skin elements become involved and eventually unr^ognizable, 
so that the epidermis becomes flattened, and the whole subcutaneous 
tissue, mcluding the subcutaneous fat, is invaded by the^ granuloma. 
The lepra cells now appear to give up the attempt at phagocytosmg 
the bacilli and undergo a curious foamy degeneration (foamy cell ol 
Virchow). There is marked absence of gross invasion by lyinphocytes. 
Owing to the ease with which the bacilli multiply they are earned by the 
lymphatics throughout the body and there is general disseimnation and 
multiplication, especially in the reticulo-endothelial system (I'lg. M.) 



FI*. 84.— Eaity lepraiiMtoiis teflon, fbowfaic diffnse inRMration of fob- 
paptHoiy, and dnifo Inllltrstioa of fub-cpIdcmMl layerf. 

Tuberculoid lesions.— The epithelioid cell is distinctive ol the tuber- 
culoid lesion, not only in the skin, but also in the nerves ; it seldom, if ever, 
contains lepra bacilli. Indeed, it is uaually difficult, or quite inipoaaible, . 
to find bacilli in thia type of lesion. The »o-call(*d “ jpant cell of Ijanghan » 
is another characteristic, and occasionally a few bacilli are found in con- 
nection with it. This cell may be of considerable sim and is found in sktn 
and nerve tissue surrounded by numbers of small Ijrmphocytes. In 
typical tuberculoids the cellular elements are arranged in cords, 

which in section resemble tul>ercles (Fig. B5). - * -j 

The activity of lesions is indicate by abundance of typical epithelioid 
celb, and in major tuberculoid the inflammatory process may be so acute 
that necrosis and ulceration of the skin take place. 
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Immunity.— Contrary to the popular belief, there seems little doubt that 
there is a natural immunity to infection which varies in degree in different 
individuals. Susceptibility to infection may depend upon general health, 
because it is certain that debility from any cause lowers resistance to 
leprosy. Varying individual resistance is also exemplified by the type of 
the disease. The nerve type, with tuberculoid lesions and few bacilli, 
indicates a comparatively high resistance and the multibacillary lepro- 
inatous form a comparatively low resistance. In the former, Mitsuda’s 
skin (lepromin) test is usually strongly positive, in the latter negative. 



Fig. S5. — Early lepromatoiu lesion, f ho whig large foamy cell (A) In the 
deeper tissues and a leprotic giant cell (B). The main cells are 
epithelioid in type. {Afltr Cochrane.) 

'J'he suggestion has been made that tliis test may be employed in non- 
leprous subjects as an index to resistance to leprosy. Applying it to non- 
leprous children of leper parents, Botberg found that positives increased 
with increasing age, reaching the maximum of 60 per cent, at the age of 
ten. This is taken to indicate that resistance is low in young children, but 
increases with age, but there is no evidence, as in tuberculosis, that resist- 
ance may be ultimately broken down by massive or repeated infections, 
whilst slight infective doses tend to raise resistance. Another indication 
of resistance is the abortive case, when slight, though definite, lesions 
appear and disappear without apparent cause. About the inheritance of 
acquired immunity there is still little clear knowledge. 
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In Burma leprosy is of a much more severe type in native Burmese than 
in Lydians living in that country. Some authorities have claimed that 
racial immunity is the result of prolonged and intimate contact vfith 
leprosy at some remote perioii of history and its disappearance as an 
endemic disease has been explained on this basis, ^but there is really little 
evidence to support this. It is more natural to explain the persistence of 
endemic leprosy in certain European countries, and its disappearance 
from others, on the basis of improved sanitation and hygiene than on 
racial immunity. 

Localized iramimity is observed in active lesions, especially those of the 
tuberculoid type. In the annular form of eruption the ewjtive inflammation 
spreads at the margins while the disease dies down at the centre, leaving 
only a slight discoloration or perhaps a mild sensory impairment; or, 
again, a major tuberculoid lesion may flare up and die down again, leaving 
only a slight visible scar to indicate its former site. 

Probably the majority of humans are non-susceptible to leprosy save 
during the critical years of childhood and adolescence. Even when infec- 
tion does take place there is a natural tendency to recover, so that the possi- 
bility of arrest in the initial stages has only been realized in recent years. 
Cochrane has shown that in children more than 60 per cent, of all neural 
Unions show improvement over a period of thrc^e years ; possibly this 
is related to the lepromin reaction, as tlie greet majority give a positive 
result. 

Clinical features. — Primary infection . — The early manifestations of 
leprosy may be vague and indefinite, such as malaise, weariness and mental 
depression. The probability is that bacilli reach the corium of the skin, 
or mucosa of the nose, mouth or pharynx, through some breach of the 
epithelium. It is difficult to be certain whether the primary lesion is the 
initial one, or some metastatic manifestation but, when several app<^ar on 
widely-separated parts of the body at the same time, they naturally 
represent secondary lesions derived from some primary focus. Rogers 
stressed the following points as worthy of notice. In hilly and stony 
districts in India the primary lesions are most commonly observed on the 
feet. No lesions of the scalp are recorded. The first lesions on the b(xly 
are scattered most densely on the extensor surfaces, especially on those 
parts exposed to pressure when lying down, such as the chei^ks, outer sur- 
faces of the shoulders, arms, buttocks and outer surfaces of the thigh. 
The flexor surfaces, on the other hand, are remarkably exempt. The 
affected parts are just those most exposed to insect bites and to the 
exccuiation by the nails in attempt to allay iiritation. 

The fact that lepr^y is more prevalent in hot, moist climates may to 
some extent be explained by the greater softness and moistare of the skin 
and the frequency of pricldy heat. In cold climates, when the body is 
protected by cbthes, it appears that a larger proportion are inoculated 
through the nasal mucosa. The face around the nose is a frequent site 
of levies are devoid of lepra bacilli ; the nasal mucosa is frequentty 
invmved wd is probabfy the immediate site from which the leprides arise. 

Incubation pmod.— *This is undoubtedly verv variable and may be veiy" 
prolonged : as long as 6 to 8 years. In South Africa the average period 
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in nodular cases is about 2 years though it would be fair to state that the 
general average is 8| years, the extremes lying between 5| months and 
4 years. It may well be that very long incubation periods may represent 
long latent periods after infection and before outward visible signs become 
apparent. Early discoloured anaesthetic patches may be overlooked for 
years. 

In children of lepers living with their parents in the Culion Island colony 
in the Philippines it was obser%^ed that the disease developed in 22 children 
A^ithin 4 months to 4 years from the time of their removal from the source 
of infection. Certainly in one case it took place during the first year of 
life. Muir has recorded a case in a three months’ old child. There 
appears to be direct relationship between closeness of contact with the 
diseased and the early development of symptoms. The length of incubation 
is considerably affected by the general health and habits of the patient, as 
well as by the climate. The first signs of leprosy may appear during the 
course of some other disease, such as dysentery, enteric fever, malaria or 
inlluenza. 

As compared with tul>erculo8i8, one of the chief characteristics of leprosy 
is the absence of toxicity ; enonnous numbers of bacilli may be present 
in the body with few signs. The local inflammatory reactions to lepra 
bacilli vary within wide limits. Thus, in one patient the disease is so 
l(X‘alized that it aff^H^ts one small skin area or the main nerve supply. 
There may be acute inflammatory swelling, local pain, trophic, sensory 
and other disturbances. Bacilli can be demonstrated with great difliculty. 
In contrast, a second case may show involvement almost of the whole 
body, so that a . preparation taken from any part of the skin may reveal 
numerous bacilli though the patient is not acuhdy ill, and is able to be 
about and do his work. The nerves are not noticeably thickened, and 
superficially the skin af)pear8 normal. At any stage during invasion 
stidden exanthematous reactions may appear, accompanied by fever and 
general symptoms. 

The chronic onset is so gradual and insidious that the disease has advanced 
to a considerable extent before any abnormality is evident. There may be 
tenderness, tingling or thickening of a nerve, an area of anaesthesia, perhaps 
with some change in the appearance of the skin, insensitiveness to burning, 
formication, tingling or numbness of extremities. Discoloiured skin patches 
may be mistaken for eczema or ringworm ; these may at first be small, 
gradually increasing in size. 

In the amUe onset there are occasionally multiple lesions with less diffused 
margins, which tend to spread rapidly and which contain very numerous 
bacilli. Tt^ first noticeable sign may be an evanescent rash. The onset 
may be deterndned by some ott^r acute disease, such as malaria or typhoid, 
which lowers the resistance. It may also be the sequel to chronic infection, 
such as i^hUis, ancylostomiasis or chronic disease of the gastro-intestinal 
tract, lie period of life may also have some bearing, e.j. extra strain 
imposed on the body.during puberty, parturition and menopause. 

The dinital tjrpes of leprosy. — ^Though leprosy affects the whole 
system, its lesions are more manifest and conspicuous (1) in ccumection 
with sidn and mucous membranes and (2) in the peripheral nerves. In the 
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more acute forms, with low resistance and prodigious multiplication of 
bacilli, the clinical signs are mainly connected with the formation of the 
“ leproma ” — a granulation with lepra cells. In textbooks of general 
medicine this form is referred as to ** nodular leprosy. The second main 
type is known as neural and is chiefly characterized by polyneuritis and 
macules. It is usually more chronic and benign and is associated with 
greater resistance. In this form Mffco. leprm is difficult or impossible to 
demonstrate in the skin lesions. According to the recommendations of 
the International Leprosy Congress in Cairo (1988) the following sub- 
divisions are recognized : — 

1. Leproniaious 1 (L.l). — (Nodular). — Slight lepromata consisting of one 
or a few macular areas or a few small infiltrated patches, small nodules, or 
diffuse lepromatous changes ; no lesions of nasal mucosa. 

2. Lepronialous 2 (L.2). — Moderately advanced cases with nuinen^ns 
macular areas or fairly numerous small or larger infiltrations or nodules. 
Ijesions of nasal mucosa frequently present. 

3. Lepromatous 3 (L.8). — Advanced lepromatous (nodular). Cases with 
numerous, extensive, or very marked lepromatous It^sions, whicli vary in 
their stage of development or retrogr<*ssion. Lesions of nasal mucosa 
invariably present. 

4. Neural 1 (N.l).— 

(o) Cases with from one to several small macules, or a smaller numl)er 
of larger ones (flat or elevated), without indications of poly- 
neuritic changes,, 

(h) Cases presenting only polyncuiritic changt*s of slight d(»gret^ with 
minor trophic disturbance. 

(r) Cast^ showing combinations <»f macular and polyneuritic mani- 
festations. 

5. Neural 2 (N,2 ). — 

(a) Cases with fairly numerous or large maculi s without evidence of 
polyneuritic changes. 

(h) Cases presenting only polyneuritic changes of iiuKlerate degrtn* and 
peripheral anecsthesia of considerable extent, 

(c) Cases showing combinations of equivalent total de^ee^. 

6. Neural 8 (A^8). — 

(a) Cases with numerous and extensive macular lesions with poly- 

neuritic changes. 

(b) Cases with polyneuritic changes, such as extensive pi>ripheral 

ansBstbesia, marked motor and trophic disturbances, ulcers and 
mutilations. 

(c) Cas^ showing combinations of equivalent total degree. 

Whilst this classification aims at describing the two main types, it is 

common to fed both present at the same time. The case is then known 
as ‘mixed.’* The degree of advancement of each type is indicated 
by symbols, for instance, L,— N.. L,— N,. 

Belatite frequency of the types. — In India and Africa mid also apparently 
elsewhere, the neural type preponderates, forming 55 to 90 per cent, of the 
total. 

Pdyneuriius leekms . — Involvement of peripheral nerve trunks produces 
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sensory changes in the extremities, which commence distally and spread 
in a proximal direction. They result in trophic changes, such as anidrosis, 
glossy skin, keratosis, perforating ulcers, atrophy, necrosis of bones and 
mutilations of the extremities. 

Lcsiofis of peripliernl nerves, — Thickening of nerve trunks is related to 
mechanical injm-ies. The ulnar nerve is commonly affectod at the elbow, 
while the radial is well protected. Thickening of the branches is generally 
correlated with leprides of the neural type. 

Lejyrovs nene. abscess is not uncommon in India associated with the 
neural type, or with injury. It occurs in superficial nerves — usually thi* 
ulnar, median cutaneous of forearm, great auricular or crural. The 
abscess is asually central and spindle-shaped and contains pus similar to 
that of glandular tulK^rculosis. Lepra bacilli may be present. 

Leprides is the term applied to macules of the neural type and poly- 
neuritic lesions caused by involvement of large nerves. They assume the 
form of minor tuberculoid or major tuberculoid macules and are 
characteristic. 

Anidrosis, prtK‘c*d(»d by hyperidrosis, may be one of the first noticeable 
signs. 

Hypopipmenhition, usually noticed in highly pigmented skins, is not 
usually complete, as in leucodenna, but partial. 

Hypercesthesin, >\ith an area of the lesion tender to touch and painful 
stimuli, preced<*s amesthesia. 

Ancesihesia, A t first it consists of loss of epicritic and then of protopathic 
sensibility. 

Parakerafosis is rt ‘cognized clinically by changt^ in the homy layer of the 
skin which becomes shiny and scaly. 

H yperkendosis is In^t scnm on tlie palms of the hands, or soles of the 
feet, and in the latter situation perforating ulcers usually form. 

Hair and nails, — The hair follicles are affected ; the hairs become soft 
and thick, breaking off at their point of emergence. The broken end 
lK‘conuts club-shaped, but growth continues inside. Similar changes take 
place in the nails, wliich become thickened and curved and claw-shaped. 

Vastnilar elmnges produce congestion and erythema, usually surrounding 
the margins of the lesion. 

lic^istance is the determining factor whether the type becomes neural 
or leproinatous ; the latter invariably sliows greater conc(*ntration of 
bacilli in both nerves and skin. The leproinatous lesions are in the main 
symmetricaL Leprides and anaesthetic patches of the neural type are 
li^ss so. When they cover large areas it is the result of gradually extending 
h^onsfrom comparatively small foci. 

The “ lepra reaction is acute in onset and course, accompanied by 
severe, febrile constitutional symptoms when all the lesions suddenly 
become swollen and inflamed. At the same time fresh nodules or macules, 
surrounded by oedema, appear, and cutaneous or subcutaneous nodules 
become pustujar, break down and discharge pus full of Myco, leprm, mmy 
of which are diphtheroid in shape and staining reaotons. As the reaction 
subsides, the lesions remain covered with desquamating epithelium. This 
reaction may last a few days, or may be prolonged for weeks or months* 
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It may remain confined to the face or extend to the whole of the body. 
The factors which determine its onset are not so easily ascertained. 

Litercurrent disease, such as malaria, may light up the lepra reaction 
and, moreover, in the lepromatous form, small doses of potassium iodide 
may produce a similar condition, but these sjrmptoms usually rapidly fade 
with elimination of the drug from the body. In India there seems to be a 
predisposition to the lepra reaction, which is much less common in Central 
Africa. In the neural type the reaction differs, as the tuberculoid form of 
lesion is more limited so the febrile and toxic symptoms are less severe. 

In both the main forms of leprosy the reaction represents an attempt 
to destroy the causative bacilli. In the minor tuberculoid form this is 
often successful when bacilli are scanty, but in the major tuberculoid, 
where they are more numerous, it is not. In the lepromatous fonn the 
reaction is less severe when there are masses of bacilli to be destroyed and 
so, as the result of toxic absorption, the patient's resistance is reduced and 
the lesions become even more widespread than before. 

The process spreads to the nen*e-trunks and ramifications. The nerves 
become swollen, congested and tender, and there are neuralgic pains. 
Blisters and bullas may be formed, with ultimate sloughing, which may 
even proceed to bone necrosis. Perforating ulcers in the feet are frequently 
the result of nerve reaction in the lower limbs. Herpes zoster may accom- 
pany involvement of the intercostal nerv^es. 

Distribution of leprous lesions. — Those parts of the body most 
exposed appear to suffer early. In Europeans these are the hands and face. 
In natives exposed to injury the feet are most liable. 

Head and neck , — The ears are more constantly affected than any other 
part, and in a suspected case it is always as well to look first at the auricles, 
where any thickening of the lobule may be readily detected by palpation 
with finger and thumb. Nodular lesions are seldom seen on the palms of 
the hands or soles of the feet and are exceptional on the penis and scrotum. 
The scalp was formerly said to be* seldom affected ; this is partly due to its 
anatomical structure, and partly to the fact that it is hidden by hair but, as 
a matter of fact, leprous alopecia is by no means uncommon. In the neck 
the cutaneous branclu^ of the nerves are early involved, especially the 
great auricular, which may stand out on the skin and l>e quite conspicuous. 
Palpation of this nerve may be a great help in early diagnosis. 

Imtial lesions of all types are common on the face, especially on the 
forehead. There is often loss of hair of the eyebrows, especially the outer 
part, and of eyelashes, even in the early stage of the disease. Lceions of the 
nasal mucosa are often present, though they may pass unnoticed unless 
sp^ally sought. They may cause nasal eatanii and often intefmittent 
epistaxis. ^^re jmj be merely a diffuse erythema, or erythematous 
patches, or general infiltration leading to corrugation of the skin. Nodular 
eruptions appear on the eyebrows, leading to leontiasis, and there is often a 
eharacteristic thickening of the nose. In the neui^ form anssstb^ic 
patches appear, together with paresis or paral^ of groim of tnusdsi, 
wdiich create a pecu^ mask-like expression (Fig. 86). When tl»» orU* 
cularo palpebrarum is affected the results are serious, as failure to close the 
eyes invedves irauma of the cornea. Paresis of the sphinetor nmsoles of the 



EYE LESIONS 


569 


mouth leads to dribbling. The senses of taste and smell may either be 
much diminished or lost entirely. Pressure on the facial nerve frequently 
causes intractable facial paralysis. 

Le^ns of the eyeball may be divided into two categories : those due to 
the presence of Myeo. lepras in the eye, or those due to interference with 
the nerve supply. 

When Myco, lepras are present in the eye, lesions are caused by spread 
either along the lymphatics or bloodstream. It is not uncommon for the 
disease to spread from the face to the conjunctiva, which becomes injected 




Pig. Si.— Lcpratic Intiltratiofl cawing paietb of facial mwcics and 
paralyiis of oiMcnlarto paipebranim. 

and thickened. When diffuse, this process may at first resemble ordinary 
conjunctivitis. Later, nodules appear, which niay be mistaken for ptery- 
gium. The disease may attack the cornea, which is the most vulnerable 
tissue ; then a ground-glass pannos spreads inwards over the pupil from the 
comeal matyn and may considerably interfere with vision. Leprotic 
nodules of the cornea are by no means uncommon and, when deeper, may 
bulge into the anterior chamber. . Again, leprotic infiltration may spr^ 
from t^ 8dl«ta along the anterior ciliary vessels, setting up iridocyclitis 
resembling that of syphilis. When there are nodules of the iris the eye 
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is doomed. The eye may also be affected by blood-borne infection, when 
isolated nodules may appear on the cornea or in the vitreous, but it is rare 
for the retina or optic nerve to be affected when other portions of the 
eye remain exempt. In Rogers’s experience in India, from 6-10 per cent, 
of lepromatous cases develop disease of the eye or its adnexa. 

In the neural type the eye is often involved in an area of widespread 
tuberculoid or lepride. Healing is followed by sclerosing fibrous tissue. 
Anaesthesia of the cornea and the deposition of fibrous laininte, together 
with paralysis of the palpebral muscles, abolish the corneal reflex and 
prevent normal closing of the eye by day or night, so that progressive 
ulceration of the cornea takes place, and general panophthalmitis may 
occur. Ectropion leads to eversjon of the punctum lachrymale and 
discharge of tears, ^ith eventual dt'struction of the lachrymal sac. 


Fig. 67.— Nerve leproiy : iiiiflii-en«gfiffe. {Dr, H, K. O^Jjeiu) 

The nose . — The habit of picking “ the nose, especially in children, 
probably plays a part in lesions of the mucosa, and those parts of the nasal 
septum and inferior turbinates within reach of the fingers are most com- 
monly affected. All degrees and types of infection which occur in the 
skin are found in the nasal mucosa ; nodules may be present on the 
turbinates, ulcers and scars on the septum. Perforation of the septum 
and deformity of the nose may result. When there is ulceration, the 
discharge contains large numbers of Myco. lepree, so that these cases con- 
stitute a serious source of infection to others. 

MouOi, phmrynx and air passages.— Lesions of the lips are someth^ 
found as an extension from the face. Nodules appear at the outer margins 
of the Ups, and fibrous constriction may cause partial stenosis. Nodules 
of tlie ton^ are seen in advanced cases. The palate may be affected by 
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diffuse or nodular lesions. Perforation of the palate may occur in the 
absence of syphilis. The larynx is not primarily affected, but may be 
involved by extension ; the onset is usually insidious. In some lepromatous 
leprosy the soft palate, uvula and ary-epiglottic folds are swollen and 
indurated ; tubercles of various sizes may appear. Later there is ulcera- 
tion ; constriction of the glottis may necessitate tracheotomy. Fibrous 
constriction is the cause of the pard whispering voice of the confirmed leper, 
giving rise to the brassy leprous cough. In primary nerve leprosy the 
throat is seldom affectc*d. Lesions of the pharynx and tongue are 
t xaggerated during the reactionary phase. 

I ^pper extremities , — Primary lesions are not uncommon ; in those who wear 
European dress they tend to W limited to the hands. The flexor surfaces 
lend to l)e much less af- 


fected than the extensor, 
possibly iK'caust? they are 
more liable to injury. 

Skin and nails.— The 
nails are not usually 
affected in the early 
stages. In the* lepro- 
inatou.H tyi)e the most 
marked changes occur 
when thenf is deep infil- 
tration of the skin of the 
fingers. The nail l)ecomes 
attenuated and there is 
Nmgitudinal ridging of 
the nail-bed. In the 
nutritional lesions of the 
neural type the nail is 
thickened and tends to 
split transversely. Trophic 
blebs and blisters on the 
hands are frequently the 
n‘sult of bums and bruises 
to which the anaesthesia 
exposes them. 



Fig. 85. Late effects of nerve-leprosy of 22 years* duration. 

{Dr. H. K. Qifftn) 


Muscles . — Muscular atrophies are most conspicuous in the neural type, 
chiefly from involvement of the ulnar nerve. Thus, the intrinsic muscles 
of the hands are affected, with flattening of the thenar and hypothenar 
eniiuences so characteristic of ulnar palsy. The characteristic main-en- 
iF'iJfc is a later development, with hyperexteasion of the metacarpo- 
phalangeal and flexion of the inlerphalangeal joints. The whole deformed 
hand becomes rigid, as if carved out of wood. Finally, with overgrowth 
of the nails and progressive osteoporotic changes in the phalanges, it 
l^ecoines the typical leprous claw hand, like some deformed vulture’s 
talon. Wrist drop may develop, chiefly from disuse ; as the bones shorten, 
^ claw-like nail may often be implanted into a metacarpal. There is 
seldom any affection of the upper arm (Fig. 87). 
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Bones, — Decalcification and osteoporosis of the bones accompany the 
neural form. The phalanges become atrophied, and may actually b^ome 
absorbed without sepsis or open wound. The metacarpals are less often 
affected. The process is oft^ complicated by sepsis, and consequently 
necrosis of bone (Fig. 88). 

Ijtfmph glands . — In skin leprosy there may be enlargement of the axillary 
or inguin^ glands. This may be due either to invasion of Myco. leprm or 
septic organisms. 

Lomr extremities. — Initial lesions in natives commonly occur on the feet* 
and a patient may suffer from the more chronic types without noticing much 
amiss. Often the first sign noted is a bleb or blister. The superficial per- 
oneal nerve, as it passes round the head of the fibula, is specially affected and 
is felt as a thickened and palpable cord. Drop-foot resulting from peroneal 
paralysis is not imconiinon. The posterior tibial nerve is also frequently 
involved. The pretibial skin is stretched, shiny and hairless : it does not 
sweat but usually becomes excessively dry and cracked. In others, again, 
there is elephantoid swelling of the feet extending to the knt^, with 
. depigmented anc&sthetic patches, homy hyperkeratosis and mutilation 
of the toes. 

Perforating ulcers of the soles of the feet are painful and crippling ; they 
are associated chiefly with neural cases and are the direct result of nerve 
involvement. The epithelium of the sole becomes thickened and inelastic. 
This leads to fissuring of the skin and the formation of ulcers. The feet 
become flattened and painful, owing to destruction of the musculature of 
the arch, and the ans&sthesia may permit many injuries. Trophic clianges 
in the muscles and periosteum le^ to decalcification and absorption of 
the bone, w^hich may l)e even more extensive in the foot than in the hand. 
Thus, the astragalus is often completely absorbed. Sepsis 'through cracks 
and abrasions is a tenninal event. Nodules on the legs are most frequently 
found at the sites of injury or friction. They are especially common on the 
internal and external malleoli. Lymphangitis in the lower limbs is not 
uncommon. 

Body and internal organs. — Lesions on the trunk do not diflfer in any 
essentials from those on the extremities. The middle line is less affected 
as a rule. Lesions on the front of the chest are said to be comparatively 
rare. In nerve leprosy typical herpetic lesions containing Myco. leprm 
have been reported. Induration and even hypertrophy of the nipples are 
very common in the reactive stage, followed by retraction in the phase of 
resolution. It is said in India that, when the lower abdomen is protected 
by a loin cloth, lesicms of the abdomen ire confined to the upper half 
(Pig.^). 

liosions of lungs have not been remirded. Large quantities of purulent 
sputum are due to bursting and discharge from nmoles in the trach^ and 
upper bronchi. Pulmonary tuberculosis not infrequentlv complicates the 
more severe forms of leprosy. Lepra bacilli are commonly found in spleen 
and liver, but do not seem to give rise to any special S3rmptoins. 

Geniki Testicles are affected in advanced oases. Sterility is 

more eommon in males tliim in females, and it is rare for the ovaries to be 
involved. Swelling of the mafo biaast 
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oases in which the testes have been destroyed. The birth-rate amongst 
lepers appears to depend on the fertility of the male. 

Lymphatic glands are enlarged in the vicinity of gross infections of a 
part, especially in the neck, axillae and groin. 

Resolution. — Leprous lesions may resolve spontaneously. Major 
tuberculoids may disappear, with deposition of scar tissue. Minor 
tuberculoids often heal up at the centre, with little change in the texture 



PIf. Leprosy* showiiig hypertrophisd nipples. 


(>f the skin. In the lepromatous t)rpe, nodules which resolve leave flat scars 
like deep bums. 

Incidence. — ^Leprosy is more common in men and assumes a more 
severe form. In Norway the few remaining cases are chiefly in females, 
which is explained by their greater longevity and the milder character of 
their dis^aee. Before the age of puberty children of both sexes are almost 
equally affected. The periods of pub^y and childbirth impose a sevwe 
strain and increase somewhat the inciaenoe in the female. The chief 
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factor in the considerable excess of male cases is the greater freedom they 
enjoy. As in tuberculosis, the majority of cases are infected during the 
first two decades, and probably few contract the disease after 40. 

Little is known about the factors of race, susceptibility and resistance. 
Differences which have been observed are probably explicable On climatic, 
social, dietetic and economic grounds. In India and Africa leprosy is 
especially common and severe in races with mixed European blood. That 
the social condition has a marked influence on the incidence and severity 
of leprosy is self-evident. In Norway it was formerly confined to fisher- 
folk living under very primitive conditions, but in India wealthy and 
highly-placed people are quite commonly infected. Rogers is of the 
opinion that in these it is a result of bed-infection. 

Duration. — l»\Tien leprosy is acute and febrile it may be fatal within 
two or three years, but in the great majority the course of the disease is 
very slow. 

Diagnosis. — Early diagnosis is of the utmost importance, but many 
factors militate against it. It is, of course, easy to diagnose obvious and 
advanced cases. The ignorance of the patient, his dread of the disease, and 
the fear and superstitions of the general public may hinder prompt recogni- 
tion. The earlier indications are the discoloured patches on the skin, and 
symptoms referable to involvement of the peripheral nerves, such as 
tingling or numbness, formication, or a feeling of woodenness in the liml>s. 
In the majority of cases the first lesions noted are depigmented ana<sth(‘tic 
patches. Of fundamental importance are impairment of scmsation, 
thickening and tenderness of nerves and demonstration of acid-fast bacilli. 

To test sensation, the patient should be stripped and blindfolded. F’or 
testing ansesthesia to light touch, a feather should be used ; analgesia is 
tested by pin-prick ,using an area of normal skin as control. Loss of 
thermal anaesthesia is important. Hypenesthesia and para^thesia may 
precede ansBsthesia to light touch. 

Thickened ner\'e8 may be felt on palpation, and tenderness eliciU^d by 
striking an area sharply with the finger or patellar hammer. The ulnar 
nerve is commonly affected above the elbow, the superficial peroneal at 
the head of the fibula behind the knee ; the radial as it curves round the 
humerus, or its branches as they pass over the lower end of the radius ; 
the posterior tibial below the inner malleolus; the great auricular as it 
runs parallel to the external jugular vein and the branches of any particular 
nerve supplying a tuberculoid lesion. Examination of a smear for My&f. 
leprtBf by cutting down on the epineurium of a nerve, may occasionally be 
necec^ary. 

Bacteriological examination.-— In tuberculoid macules bacilli are 
difficult to find, and should be souj^^^t at the margins. In the lepromatous 
fornix where ttmre are no outstanding nodoles, the lobule of the ear is the 
site of choice. Lymphatic gland puncture, as well as the examination of 
blisto fluid by carbon dioxide snow, may be useful. 

Biopsy of (he riWii mav be made by smears made from a “ snip or 
hy section. IHie wmpm incision method of Wade consists of pinebing- 
np the skin and applying eompresrion to stop bleeding. With a small 
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scalpel a cut 5 mm. long is made well ipto the infiltrated layer. All blood 
should be wiped away and, with the blade transverse to the incision line, 
the side and bottom of the cut should be scraped repeatedly, and the 
material spread on a slide and examined. The selection of the site is 
important, though failure to find bacUli in one smear does not justify a 
negative diagnosis. 

Examination of the n«tsal mucosa is as important as that of the skin, 
and frequently a positive result is obtained when the skin is negative. 
A sharp-pointed tenotomy knife is the best instrument, and material 
should be sought in the septum and inferior turbinate. If there is ulcera- 
tion, slight scraping suffices. Otherwise, a small piece of mucous membrane 
should be scraped off. Cotton swabs should not be used, as they frequently 
harbour saprophytic acid-fast organisms which may be mistaken for Myco. 
leprce. The standard Ziehl-Neelsen method should be used for staining. 

Rubino’s reaction. — The blood sedimentation is constantly increased 
in leprosy and, concurrently, the cholesterol content of the blood is reduced 
(Westergren 8 method with citrated blood). Rubino has advocated an 
agglutination-sedimentation test with formolized sheep’s corpuscles. 
The serum is said to C/Ontain a specific substance which causes rapid 
agglutination and sedimentation of these corpuscles. It is claimed that 
the reaction is specific and sedimentation is produced in less than one 
hour. 

The lepromin reaction (Mitsuda). — In early lepromatous cases this 
rf*action is usually positive, and resembles clinically and histologically the 
Mantoux reaction in tuberculosis, but it may not become apparent for 
several days (p. 577). It is an allergic response. Ota and Nitto have 
rec(*ntly advocaU>d, as givdng better results, an antigen prepared from 
granulomatous deposits in the heart muscles of hens injected with human 
lej)ro8y material. Cochrane found the lepromin reaction positive in 60 per 
cent, of neural and 100 per cent, of tuberculoid cases. Lepromatous cases 
are usually negative. Some healthy children give false positive reactions. 

Subsidiary signs. — Anidrosis, often preceded by hyperidroais, is 
characteristic of chronic cases, and is usually present in tuberculoid 
macules. In doubtful cases pilocarpine, 1 in 1,000 solution, is injected 
intradermally in a suspecteii patch and a similar ajnount in adjacent 
healthy skin. Both areas are then painted \vith tincture of iodine and, 
vvhen dry, powdered with starch. The control area sweats, turning the 
starch blue. Absence of sweat at the point of injection indicates leprosy. 

The histamine test of Rodrigues is somewhat similar in slight or early 
cases. A drop of 1 in 1 ,000 solution of histamine is placed within the margin 
of the suspected area, and a second outside. A prick is made with a needle 
through the drop. A red flare appears in normal skin. 

Parakeratosis^ hyperkeratosis ^ ichthyosis and alopecia. — These first three 
conditions are interconnected and are due to malnutrition followed by 
changes in the stratum comeum. The surface of the skin is shiny with 
^^cales. Hyperkeratosis is best seen on the pahns of the h^ds and soles 
of the feet where the epithelium becomes abnonnally thick and is apt 
to split, fornung a superficial perforating ulcer. Somewhat similar changes 
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take place in the nails, whilst loss of h^ in the beard, eyebrow area and 
scalp are well known. 

Differential dia^osis. — The characteristic marks of leprosy are 
sufficiently distinctive, but they have to be differentiated from psoriasis, 
seborrhoeal dennatitis, various forms of tinea, eczema, lichen ruber planus, 
pellagra and filarial disease. Blastomycosis produces skin lesions reminis- 
cent of leprosy. Prom syphilis and yaws, however, it may not always be, 
so easy. Syphilitic and yaws skin lesions may often closely resemble the 
macute of leprosy, but the absence of sensory changes and reaction to 
treatment are sufficiently distinctive. The Wassemionn reaction alone 
cannot always be depended upon in differential diagnosis. Syphilis and 
leprosy frequently co-exist. In mild early cases of leprosy positive reactions 
denote coincident spirochaetal infection, but in advancetd cutaneous and 
neural cases, especially those subject to lepra fever, a positive reaction 
does not necess^y always indicate a syphilitic infection. Lloyd, Muir 
and Mitra reported that 68 per cent, of nodular and 27 per cent, of neural 
cases in adults gave positive reactions. 

The thickened skin of crab yaws on the feet may roughly resemble 
leprotic hyperkeratosis and may give a semblance of ansesthesia. Gangosa 
of yaws may hi^ mistaken for nasal leprosy. 

The early lesions of mycosis fungoid might possibly be mistaken for 
early nodular leprosy, and leucoderma is not infrequently associated with 
leprosy in the popular mind. It is extremely common, especially in India, 
and in negro races, and unfortunate sufferers are sometimes to be found in 
leper asylums. Depigmentation in the leucoderma, however, is more 
complete and sensory changes are absent. Lupus vulgaris is very likely 
to be mistaken for leprides, and in both diseases acid-fast bacilli are difficult 
to demonstrate. Lupus evinces a greater tendency to scar formation and 
there are no sensory changes. 

CuUmeous kishmaniasis and, in South America, espundia^ may be mistaken 
for leprosy. The lesions on the skin of the face tend to concentrate round 
the mouth and nose and form a more raised margin than those in leprosy. 
Demonstration of the Leishman-Donovan body will always settle the 
matter, but leishmanial lupus-like lesions on the ears may cause difficulty 
{see p. 175). Acrodynia, bums and other injuries may leave behind 
ansesthetie scars. 

Neural leprosy has to be differentiated from syrmgomyelia, in which 
analgesia and loss of heat sense are accom|iauied by retention of sense 
of touch and normal sweat function. The absence of nerve swelling and 
tenderness is important. The nerve injuries caused Inr cervical rib may 
possibly be c^led into question, but can be settled by X-ray examinarion. 
Baynau^ s d%$e^ has been confused because of trophic changes ; hyper^ 
trophic tnierstitial neurUis (Dejerine-Sotta’s disease) may cause oonhision ; 
this is a rare condition with thickening of nerves which may be so great 
as to r^der them conspicuous, and is accompanied sensory and trophic 
eban^ as in neural leprosy, ^d ultimate production of claw hand. Van 
BecIMfighamen^s disease (neurofibromata) nmy sometimes tmmMa 
feproc^. 



PROGNOSIS 


577 


Prognosis. — ^Leprosy may sometimes be a slight passing ailment, or may 
become the most repulsive loathsome disease known to man. The two 
important factors are concentration and distribution of bacilli in the body 
and resistance. Prognosis is more favourable in the neural than in the 
lepromatoiis type. The maintenance of a high standard of general health 
constitutes a most important element in prognosis. Some patients, even 
with advanced nodular lesions, are known to have partially recovered. 
On the whole, the earlier a patient comt^ under treatment the more favour- 
able the prognosis. On account of the ease with w'hich improvement in 
muscular power and in sensation can be determined, it is usually easier to 
assess the progress of the neural than of the lepromatous type. Very 
spectacular changes are most often seen in patients with tuberculoid lesions. 

The danger of contact. — The factors which predispose to the danger 
of contact are closent'ss and duration, the infectivity of the case, combined 
with the age and general health of the person exposed to contagion. A 
child may acquire the disease after even slight contact. 

Recovery. — In early neural cases progress may be stayed or arrested 
with little or no deformity. But there is no acid test of absolute recovery, 
and it is said that in such an arrested case, some severe intercurrent disease 
may herald return of leprosy. From the patient's viewpoint the main 
thing is whether there will be permanent deformity. 

Causes of death. — Leprosy differs from tuberculosis in its low mor- 
tality. As a rule the victims do not die of leprosy so much as from intt^r- 
current disease. They die from complications or as the result of crippling 
deformities. Death may be due to asphjrxia from obstruction of the 
larynx or trachea, or to prolonged lepra fever. 

Technique of the lepromin (Blitsuda) test. — Material isobtained by re- 
moving large, soft, nodules which are boiled in water for 20 minutes and divided 
into fine fragments with scissors. The epithelium is then removed and the mate- 
rial dried for a few hours with an electric fan, then in a vacuum desiccator 
over pure sulphuric acid. The dried material is ground up to a fine powder in a 
glass mortar and stored in a desiccator. In preparing the suspension 0*4 grm. of 
the dried powder is ground up with 10 c.c. of saline and the fluid pipetted off, 
a process which is repeated three or four times. Carbolic acid (0*6 c.c.) is then 
added and made up with normal saline. The suspension is made up in 1 c.c. 
ampoules, sealed and heated at 120^ C. for half an hour. Standardization is 
difficult. 

A series of intradermal tests with full strength lepromin are made in dilutions 
of 1 in 2, 1 in 4, 1 in 8. Stronger suspensions, as a rule, ^ve stronger reactions. A 
standard smear is made and the number of bacilli estimated. The skin on the 
inner aspect of the arm is chosen, the customary dose being 0* 2 c.c. The injection 
must be made intradermally ; a slight serous effusion follows it, but disappears 
after a f^w days. 

In positive cases a nodule appears at the site of inoculation between the first 
and third weeks, increasing in size up to a maximum. The dc^pree of reaction 
is read by measuring the size of the nodule by a sliding calliper. In strong 
reactions tl^ may be slight necrosis. In heathy adults not inflected with 
leprosy the nodule is fi-10 mm. but in resistant oases it is much larger. The 
lepromin reaction is of use as a means of testing natural resistance to leprous 
inflectioii. 

as 
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The iodide test. — This test is of value in assessing the infeotivity of oases 
when repeated bacteriologioal examinations of akin and naeal muoosa have given 
negative results. It should only be used, however, when the general health 
is good and when the blood sechmentation testa are within normal limits, A 
single dose of 2 grm. of potassium iodide in a glass of water is given at night. 
This may cause appearance of new cutaneous lesions or efflorescence of old ones, 
pain or tenderness of the nerves, pyrexia and increased sedimentation rate. 
The skin and nasal muoosa should then be examined for Myco. lepras. If any 
reaction occurs, the next dose of potassium iodide should be delayed until it has 
subsided. If not, increasing doses of 4, 6, 8, 12, 16 grm. should be given at 
fourteen -day intervals, always with plenty of water. Should no further reaction 
occur, the leprotic infection may be regarded as arrested. 

Treatment of leprosy. — Chaulmoogra, or hydnocarpus oil, has for a 
long time been employed as a remedy for leprosy in India and other 
countries. It is derived chiefly from the seeds of Taraktogenos kurzii 
(Assam and Burma), Hydnocarpus tcigktiana (South-West India), and H, 
anthelmifUica (Siam and Indo-China). In recent years hydnocarpus trees 
have been introduced into Nigeria, the Congo, Fiji and East Africa. In 
Brazil a somewhat similar oil is obtained from Carpoiroche brazUiensis 
(“ Sapucainha ”). Though formerly given by the mouth, or by inunction, 
the more modem method is by injection. The oil itself, w-hen expressed 
from fresh, ripe seeds of H, vngkliana and H, anthelmintica, is well tolerated, 
but when stale acquires irritant properties. There is virtually no difference 
in the composition of chaulmoogra and hydnoc^us oils but, owing to 
the fact that the latter trees occur in more accessible areas &nd the seeds 
are easier to collect, hydnocarpus oil has largely replaced chaulmoogra 
in the official antileprotic oil of the B.P. (1932). 

Sodium hydnocarpcUe (AlepoD (the sodium salt of a selected fraction of 
the fatty acid of hydnocarpus oil), introduced by Rogers in 1916, is soluble 
in water and can be given in 8 per cent, solution intramuscularly, subcu- 
taneously and intradermally. If given intravenously it produces endo- 
phlebitis and sclerosis of veins. 

The eth^yl esters were introduced by Macdonald in 1920. Later, it was 
found that the esters of the total fatty acids of hydnocarpus oil, iodized to 
make them less irritant, were the most effective. The creosoted oils have 
been found to be almost as good and are well tolerated when injected. 

Hydnocarpus oil and its esters intramuscularly, subcutaneously and 
intr^ermally are the most efficacious drugs, but the ethyl esters are more 
stable than the oil. They should not be exposed to air, but should be 
prepared and hermetically sealed in ampoules. The use of ampoules is 
recommended, but when stored in bottles the entire contents should be used 
on the day they are opened. 

FiStets must not be reheated. Various theories have been advanced for 
the action of chaulmoogra oil but none is geneiuUy accepted. Possibly it 
a^ by its unsaturation as shown by its iodine value. Other oils of 
high iodine value have been tried, amongst them codliver oil, linseed oil, 
and soya bean oil, but all have given raiiilts inferior to those of o^ulmoogra . 

Afi^kprol, ethyl ester of chaulmoogra, is dispensed in capsules of 1 gnn. 
and given intraninseularly or by the mouth twice weekly in gradually 
increasing doses. 
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Moogrol (Burroughs, Wellcome) is also a mixture of ethyl esters of 
chaulmoogra, and is given by intramuscular injection. Commencing with 
1 c.c. the dose is* gradually increased to 6 c.c. at weekly intervals. It has 
also been given intravenously. The iodized ethyl esters are known as iodized 
nwofjrol and are usually given by intradermal injection, the leprotic lesion 
being completely infiltrated by producing coalescing “ injection wheals.” 
The dose is 1 c.c., gradually increasing to 5 c.c. It is recommended that 
tabloids of calcium iodoricinoleate (lodicin) should be given by mouth 
three times daily, together with moogrol. 

The mixture known as E.C,C,0, is composed of the ethyl ester of Hydno- 
carpus wightiana, creosote, camphor and olive oil and is given hypodermi- 
cally in 0*5 c.c. doses, intravenously in 0*26 c.c. Total dosage is 7*5 c.c. 

C. E, 7. is a mixture of . . . Chaulmoogra, 50 parts. 

Sulphuric ether, 60 parts. 

Iodine, 0*1 part. 

The initial dose, intravenously, in daily injections, is 0*25 c.c., increasing 
gradually to the maximum, 1 c.c. 

Modem workers regard the ethyl esters as less viscid, easier to inject 
and more rapidly absorbed. On the other hand, the viscidity of the oil is 
lessened if 4 per cent, creosote is added and if it is injected at 45° C. The 
oil is mc»re stable and, when stored, is less liable to change, especially after 
addition of creosote. 

Methods of administraiion , — The exact method— intramuscular, sub- 
cutaiu>ous or intradermal — depends upon the type of case and ccuidition 
of the patient. Intramuscular injections are preferably made into the 
gluttMis maximus : each dose should W divided, and not more than 1 c.c. 
injected at any given point. Divided injections are given partly by with- 
drawing the needle and reinserting at a different angle. By warming the 
oil, injecting slowly, and dividing the dose, painful indurations and 
abscesses may be avoided. Subcutaneous injections are made beneath 
lesions occurring on the more fleshy parts of the body, especially the 
extensor surfaces. The intradermal method, now much used, has the 
advantage that, in addition to the general effect, there is local action on 
the area infiltrated. This method is particularly suitable for the tuber- 
culoid lepride. Two techniques are generally employed : 

(1) The ” planeha ” method, used by American workers in the Philip- 
pines, by which multiple small fractional doses (0-05 — 0- 1 c.c.) are injected 
intradennally, a small wheal about 6 mm. in diameter l)eing raised round 
each puncture. By this method an area of 12 sq. cm. or more is infiltrated 
at one sitting by a short needle which enters the skin for 2r--3 mm. 

(2) A long thin needle is threaded through the skin to its socket, and the 
oil or esters injected as the needle is withdrawn. A successful injection 
should leave behind it a long wheal along the needle track, but there should 
be no re*infiltration of a skin area for one month, or at least until all 
induration produced by the last injection has resolved. 

Doses . — Tolerance to hydnocarpus oil varies with weight, ^e and general 
condition. It is necessary to remember that each injection produces a 
negative phase of varying duration. The better the ph^ical condition, 
the larger the doses the patient will tolerate. In estimating tolerance the 
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blood Bedimentation rate is important. The customary dose of the oil, 
hydnocarpate {Alejx>t) or esters, is from 0*5-0 ex. once or twice weekly 
though occasionally doses up to 30 c.c. per week have been employed. 
It is usually administered as a 8 per cent, aqueous solution, commencing 
with 1 C.O., and rising by 0*5 c.c. to 5 c.c. In many cases it is better to 
give a proportion intradermally and the balance by other methods. 

Special treatment should be continued until all active signs of the disease 
have disappeared, repeated bacteriological examination of skin and nasal 
mucosa are negative, and the nerves are no longer thick and tender. When 
active signs have definitely disappeared the disease is said to have become 
“ quiescent,” but when this state has remained stationary for two years 
it may be said to have become “ arrested.” 

Special treatment aims at the destruction of ^tlyco. lejtrce ; when they 
have practically disappeared from the l)ody, the deformities can he 
relieved, but sensation can never be restored in permanent lesions. Com- 
pulsion is out of the question and patients must co-operate willingly. 
They should be encouraged to come as early as possible, and should be 
warned from the onset that treatment must necessarily be protracted. 

I^epra reaction, — If this reaction occurs during the course of intensive 
treatment the injections must be stopped, but if there is some complicating 
disease (such as malaria) this must be specihcally treated. During the 
lepra reaction the patient should be confined to l>ed and the bowels freely 
evacuated. Alkalies are advisable : 60 gr. of sodium hicarlnmate may be 
given four times daily. Intravenous injection of potassium antimony 
tartrate, ^ to \ gr. three times weekly, has proved an effective desen- 
sithser. Intravenous injections of mercurochrome (8 c.c. of freshly made 
1 per cent, solution) may sometimes control the condition. Calcium lactate 
and calcium gluconate in large doses act as adjuvants. Intravenous 
injections of aniline dye — trypan blue and methylene blue— have also 
employed. • 

Treatment of pain, — Pain is usually associated with the lepra reaction, 
and there is increase of pain and tenderness in the distribution of affected 
nerves. For this, adrenalin hydrochloride 1 in 1000 solution (0*iJ-^ c.c. 
in 5 c.c. saline) is infiltrated into the perineural tissues, or alternately 
0*02 grm. of ephedrine sulphate (dissolved in 10 c.c. of a 0*5 per cent, 
sodium bicarbonate solution) given by the mouth or injected similarly 
round the nerve usually gives relief. Snake venom in small doses has 
also been found useful. In leprous neuritis, with oedema of hands and 
feet, aneurin (vitamin B,), in 10 mgm. doses daily, is swd to be successful. 

Surgi^ treatxnent.--‘Eacisi(m of Imons.— If there is onljr one small 
skin lesiem, say less than 1 inch in diameter, it should be exci^. Large 
outstwding nodules should be shaved off, the base being touched with 
siroi^ cartolic or nitric acid. The electric cautery or carbon dioxide snow 
have been siiiulariy employed. The treatment of perforating abecs is a 
difficult problenu Neemsed bone should be removed. Chronic atcers with 
indurated mittgins may be stimulated by mfiltration with hydnooarpiM 
estm, and by apply^ sulpbonamide powders or paste. Amputaikm to 
sddoiu necessary. 

When the thickened ulnar nerve to constricted by d^tise fibrous tiiiue 
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behind the condyle, or the peroneal nerve is bound to the head of the 
fibula, the thickened band may be severed. The nerve sheath may be slit 
with benefit. 

The eye , — K there is involvement of the iris, mydriatics (atropine) must 
1)6 instilled to prevent further fixation. Particular care must be taken in 
the general treatment to avoid reactions which have an adverse effect on 
the eye. It is said that infiltration of the bulbar conjunctiva with a 
1 in 1000 solution of trypan blue relieves the pain and congestion. But 
the best permanent results are obtained from improvement in the general 
health. 

WTien there is anaesthesia of the cornea, paresis of the lids, or ectropion, 
the eyeball has to be protected with liquid paraffin, and a cotton- wool 
pledget should be tied over it at night. Sometimes the condition may be 
improved by marginal tarsorraphy. 

The nose . — Special treatment is often required for the nasal ulceration. 
The crusts should be removed and the mucous membrane ansesthetized 
with cocaine and adrenalin or some caustic, such as trichloracetic or 
chromic acids (1 in 10 solution), applied and fulgurated with a diathermy 
apparatus. Sometimes douching with 2 per cent, sodium bicarbonate 
solution and painting with iodized hydnocarpus esters is also useful. For 
offensive discharge the following nasal lotion is used : 


E. Sodii ohiorid. 
Sodii bicarb. 
Pot. cblor. 
Calc, phosph. 


j- oa gr. 22 (1*42 grm.) 

5 2 (7-78 grm.) 

5 I (15*5 grm.) 


>^ig- : I OE. to be used with I pint of water as a nasal douche. 


Deformation of hands and /cW.— Rc^habilitation measures, such' as carefully 
planned exercises, can often lessen deformities. The necessary movements 
may be produced in agriculture or textile industries, as carried out in the 
model Culion Island Colony in the Philippines. 

Trophic ulcers , — Codirane advocates filling the cavities with 5 per cent, 
sulphonamide paste, bandaging or strapping and leaving for one week. 
The following is recommended : 

Sulphonamide (Sulphapyridine) . gr. 75 (5 grm.). 

Adeps hmm 3 IS (70 grm.). 

liq. paraff. 3 (23 c.c.). 

Operative pimoedures are sometimes necessary. * Me^tarsalectomy is 
advocated, llie limb should be devasculated by a tourniquet, and the 
bone disarticulated before removal. Local ansssthesia, adecjuately given, 
suffices, and the tourniquet should not be removed until the wound has 
been well packed with sulphonamide paste and a tight bandage applied. 

Subsidiairy measures , — ^Tbe production of protein shock by intravenous 
injections of mUk or other forms of protein sometimes causes temporary 
improvement and aids in healing up intractable ulcers, but must be used 
with caution* The munds on wUch these methods are based are the 
favourable results wmch sometimes follow febrile reactions in leprosy. 
Row in Bombay recorded such improvement after weekly subcutaneous 
injection of oarbolized cultures of tubercle bacilli. Intravenous injections 
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of killed Bad, coli (pyrifer) raise the temperature and cause a reaction, and 
good temporary results Have followed the similar use of typhoid-paratyphoid 
vaccine in graduated doses, commencing with 50 million and gradually 
increasing to 200-800 million organisms in order to obtain satisfactory 
reactions. 

Somewhat analogous results have been Tecorded from time to time by 
autogenous vaccines made from ground-up lepromatous material, and other 
acid-fast organisms grown from leprous nodules. The so-called anti-lepra 
serum of Rienstiema was obtained by injecting such a culture into sheep. 
Rapid and favourable action has b^n claimed by some observers as a 
result. X-rays and radium have also been tried, and various baths, such 
as iron, copper sulphate and iron arsenical baths at a temperature of 
110° F. (in Java). 

Some mention must be made of the recjently-developed sulphonamide (promin) 
in treatment (Dinan, Pogge and others, 1943). This is the bert of all preparations 
so far tried and has given encouraging results. The oral administration is toxic, 
and larger ‘doses are tolerated by the intravenous route. By this method 1-5 
grm. are injected daily for six days a week. The majority of cases have received 
the larger dose for months, with short intervals of one to two weeks three times 
yearly. The oonoentration in the blood declines rapidly, only traces being 
found 8-8 hours after injection. The toxic effects are anaemia in 46 per cent, 
after six weeks. The blood must therefore he watched, but responds to liver 
and iron preparations. Leuoopenia was noted in 3 per cent. Allergic dermatitis 
and rhinitis may ensue. There is no evidence of any bactericidal action. After 
a year's treatment in 22 cases, 15 were definitely improved.^ Promin acted 
favourably on lejurous keratitis, iridocyclitis and ulcers. 

Prophylaxis. — If children could l>e prevented from coining into contact 
with infectious cases then the number of adults who would later l>ecoine 
victims wY>uld be so few tliat the leprosy would decline. In planning 
preventive measmes the incidence of child infection and of infectious 
lepromatous cases should be ascertained. If the former should reach 26 
per cent, of the total and 20 per cent, of the latter, then intensive preventive 
measures must be undertaken. 

The patients must be segregated in 8pc»cial areas near villages connected 
with a properly equipped centre. Infective cases in towns can bo isolated 
solely in institutions. General hospitals should be prepared to treat 
lepn^y in out-patient centres set apart for this purpose. Special research 
units should be developed, and special measures instituted for the care, 
segregation and observation of ctdldren with leprosy, l^opaganda and 
carefully planned special training are essential. 

A model leper colony is situated on Culion Island in the Philippines. 
It is a toTO with laundries, theatre wid schools where some 8,000 lepers 
were originally s^egated ; at the end of ten years the numbers had been 
reduced to 8,000 by natural causes atid almost 6omplete cessation of new 
infections. 

Since improvements have been made in the dietary, and intensive treat* 
meat has been given with ethyl esters of ehaulmoogra, especially good 
results have been obtained in children. 

In no country should lepers be permitted to beg iu the streets, keep 
shops, or handle food. 
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YAWS (FRAMBCESIA) 

Synonyms.— Pian ; Frarnboesia; Boubas (Brazil) ; Coko (Fiji) ; Parangi' 
(Ceylon) ; Dube (Gold Coast) ; Pumi (Malaya). 

Definition. — Yaws is a contagious inoculable disease, characterized 
by primary sore and indefinite incubation period, followed usually by 
fever, rheumatic-like pains, and the appearance of papules which 
generally develop into a fungating, encrusted, granulomatous eruption. 
Running a chronic course, it usually protects against a second attack. 
The disease is caused by Spirochcela perfenuis, and is controlled by salvarsan 
and bismuth salts. The organisms of yaws and syphilis are indistin- 
guishable and the lesions produced are extremely difficult to differentiate. 

History. — The first descriptions, by Oviedo, of what we know as yaws did not 
appear until the sixteenth century. Before this period allusions in the literature 
a;>[)ear to be mere surmises. Deductions from historical records suggest that 
yaws is of more ancient lineage than syphilis. It is clear that what we now know 
as syphilis appeared with dramatic suddenness at the end of of the fifteenth 
(*cntury and, as a new and devastating disease, spread rapidly over Europe. 
According to records, the disease broke out after the return of CVilumbus to Spain. 
Oviedo (1478-1657) was in Barcelona at the time, and in his Historia General y 
Natural de la$ IndiaSt he stated that it was contracted from Indian women by 
the Spaniards who accompanied Columbus, that it was brought by them to 
Spain, and transmitted to the army of Charles VIII. Las Casas (1474-1556), 
in his Historia de las Indias^ refers to a disease which was very dangerous to 
Spaniards, and was known as syphilis, being known in Italy as the “ French 
malady.** Dias de Isla, a physician practising in Barcelona in 1493, gives a very 
complete account and stat^ that it was unknown before that year, and that it 
was brought by the crew of Columbus on their return from the first voyage to 
Haiti. Dias himself treated several sailors from the squadron, including the pilot, 
Pinvon of Palos. 

In the autumn of 1493, Charles VIII of France invaded Italy with a rabble 
army. He captured Naples on Februaiy 22, 1496, but a new plague (syphilis), 
accompanied by severe skin lesions, broke out and necessitated the evacuation 
of the city. The spread of syphilis can be traced, according to Pusey (1933), with 
the dispersal of Charleses army throughout Europe. In 1497 it reached England 
and Scotland. In Japan it was not recognized till 1509 at Nagasaki, where it 
was attributed to Chinese and Portuguese sailors. 

Syphilis, when introduced into a non-immune population, as in Ugan^, in the 
nineteenth century, reproduced symptoms and manifestations recorded by our 
ancestors in the fifteenth ; under these circumstances there is little doubt that 
syphilis can act as a devastating epidemic. According to the far-reaching 
researches of such authorities as Virchow (1896) and Elliot Smith (1930), no 
syphilitic bone of pre-Columbiim origin has been discovered. On the other hand, 
Means (1025) and Williams (1932) Imve found the long bones of Indiaiui showing 
evidences of syphilis in primitive races in North and South America ; and the 
former found evidences of it in skeletons of the prehistoric mound-building 
Indians of Ohio. 

‘ Thii word mmm ** fofrisiwr/* » by the uaUm to tto Ewropewn tnvadow of Oylon. 
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It is known that yaws often occurred in epidemic form on board slaire ships 
and it may well* be that the disease has an African importation into the New 
World. Much has been written of the possible identity in former times of such 
diseases as the “ button scurvy ” of Ireland, “ sibbens ” of Scotland and “ rade- 
syge ” of Norway and Sweden. It may well be that during the seventeenth and 
eighteenth centuries they represented a severe form of syphilis. 

Recent views on the syjhUis-yaws qucstion,^la Jamaica, Turner, Saunders, 
and Johnson record that no car^ac disease has been encountered in yaws cases, 
and this has been confirmed by radi(^;raphic examinations. In their critical 
survey of yaws in that island, they brought forward several new points. The 
“ attack rate ” in adults is as great as in c^dren, and yet nothing like congenital 
syphilis has been seen in Jamaican babies, and this is held as strong evidence 
against the identity of syphilis and yaws. Infants and children in Jamaica are 
more liable to infection than are adults, and 90 per cent, of cases contract the 
disease before they are fifteen years of age. 

It may well be that yaws and syphilis have sprung from a common ancestor. 
In yaws it is probable that the sprochsete, under the more pimitive conditions 
of the tropics, has spread from man to man by intimate contact, whilst the 
63 qphilitic spirochflcte under more civilized conditions, where such contact is not 
possible, came to be communicated by the venereal route, thereby assuming a 
more virulent character and evolving (as do certain other spiroctotes) neuro- 
tropic strains. Intermediate forms between the two classical forms of these 
diseases, which are so closely related as to be zoologically referable as sub- 
sp^es,” undoubtedly have become evolved in time, as in the non-venereal 
childhood syphilis of the Arab tribes of the Euphrates and Iraq, known as 
“ Bejel ” (Hudson). This disease has been well described in D^-ez-Zor in 
Syria, where there is a high incidence of syphilis but very little gonorrhosa. 
This i^hiluB is spread by personal contact, is of low virulence, gives a positive 
Wassermann reaction, and ccHresponds to the endemic syphilis of Asia Minor 
described by von During. The most frequent lesions are in the mucous mem- 
branes of the mouth ; but in other respects — ^in the special affinity for children, 
and in the production of hyperkeratosis and depigmentation — it resembles yaws, 
and eirdnate lesions of the soles of the feet, resembling crab-yaws, are common. 
Depigmentation of the dorsum of Hie hands resembles that described by Laoapde 
in Morocco, but Hoff and Shaby state that meningo-vascular lesicms may still 
be observed amongst these peoples. 

Geographical dlatrilmtloii. — Yaws is common in tropical Africa, 
West Indies, Ceylon, Pacific islands, Papua, the East Indies, and the 
itaiay States. In India and China it appears to lie rare. Children in the 
West Indies and Fiji are esp^ialljr haole. During recent years it has 
l>ecome extremely pi^alant in Kenya Colony, Tanganyika Territory, 
and Uganda, where it is spreading with great rapidity. On the other 
hand yaws has disappeared to a great extent from Guiana, Ceyl(m and 
Barbados, where it was previously extremely rile. 

E^denriolo^ aiid ei^emiol^ C<mlagim<mdhmdiiy.—k^ 

18 highly contagious, all circumstances favouring contact with the subjects 
of the diseim favour it. Simple skin-ecmiaet does not suffice ; a tffeach 
of surface is necessary. The knowledge that the secreiians from yaws 
lesions could transfer the disease to another person was well known to 
t^ ^ves rf t^ West Indies, and they practised aalo*inoealatkAi in thidr 
children who did not idiow a gfunurali;^ erupikm, 

Til© d i s e ss e freqpisiitly oomiiiefices in a pre-extsHi^ nicer, the otgeidsia 
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(spirooluBte) being conveyed by flies to the previously lacerated surface (p. 978). 
Cases originate in certain dirty houses, the virus £^m previous yaws patients 
seemingly impregnating the floors and walls of the filthy huts. In this manner 
the diseaM may be, and in some cases no doubt is, acquit without direct trans^ 
ference from an existing case. In some countries, as in Ceylon, yaws is a disease 
of the flat, low-lying districts, while practically absent ^m the hill country ; 
in Assam, on the other hand, it is more common among the hill tribes than among 
dwellers of the plain. Ramsay has shown in Assam that native hill people, who 
only exhibit obscure lesions, such as condylomata, while living at high altitudes, 
develop florid yaws when they come down to the plains. In Jamaica, Saunders 
and Kumm have emphasized the importance of rainfall and geological formations 
on the distribution of 3 raw 8 . Wherever there is porous limestone there is little 
or no yaws. 

Yaws is neither hereditary nor congenitid. A pregnant mother sufiPering from 
yaws does not give birth to a child suffering from the disease, nor one which will 
subsequently develop yaws, unless the virus be first introduced directly through a 
breach of surface after birth. It is not wnveyed by the milk ; nor does a suckling 
suffering from yaws necessarily infect its nurse. 

This statement should be qualified by the well-known fact that a syphilis- 
infected mother does not inevitably transmit the disease to her offspring, and if 
she does transmit, she may do so irregularly, not to one child, but to the next, 
and to one only of twins. 

Although two-thirds of the cases in the West Indies, Pacific Islands and Ceylon 
occur before puberty, no age is exempt. In Jamaica the peak of the infection 
rate is about eight years. No new infections are found after thirty. Three males 
appear to be infected to every one female. It has been frequently remarked 
that yaws shows a predilection for certain native races. On the whole, the negro 
and negrito stock is specially liable to severe attack. 

Yaws at the present day shows a striking limitation to the tropics, but it is a 
disease so readily oommunioable by direct contact that it seems remarkable that 
it does not BprMMi in temperate regions. In the tropics yaws is limited to low 
l(*vel areas, and to rural districts with primitive sanitation. In Haiti, for in- 
stance, yaws is the disease of distant villa^, and syphilis with chancre is common 
in the main town. In the Philippines the same is true : in the country, yaws ; 
in Manila, S 3 rphili 8 . 

Etiology* — In 1905 Castellani demonstrated in scrapings of yaws tissues an 
extremely delicate sfnrochsste — Spirockaeta pertenuis — very like that of syphilis. 
To demonstrate this spirochiete, slides should be prepared from scrapings of an 
incised yaw papule before it has ruptured. The films may then be stained with 
Oiemsa, or made by the indian-ink method ; better still, the living parasites may 
be detected in fresh undried films by darkground illumination. A fully developed 
yaw is unsuitable, because it has bMn exposed to external sousoes of contamina- 
tion and a variety of organisms will be present and may confuse the observer. 
Dobell and o^m have been unable to distinguish any structural differences 
bc^tween this spirochiete and 8, paUida of syphilis (Fig. 228, 5, p. 864). 

8, pertemii$ has been found in the spleen, lymphatic glands, and bonemarrow ; 
doubUees it also ooours in the blood. It is inoct^ble into monkeys and rabbits ; 
in the former, especially in the orang-outang, it gives rise to lesions similar to 
those in the human subject, 

OuHlyaliaii of S. perkmtU was successfully performed by Noguchi in asoitio 
fluid oontafoing a pimoffresh animal ris8ue,su^ as the kidney, the whole being 
(^<’^^cred with a layer eff sterile paraffin. This rather complicated technique 
^ been stoplifled by ^ later of Hata, who substitute hone-serum, the 
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inoculation being made through the upper solidihed layer. Strict anserobioeifi is 
necessary. 

Kumm has brought forward strong evidence that in Jamaica, at any rate, 
a minute fly, Hippdates paUipes, carries the spirochsete from one person to 
another. He col^ted the flies at the rate of 5,000 per hour from one ulcer ; 
they crawl under the scab and ingest large numbers of 8, perienuist which are 
afbeiw^ards regurgitated, ff, paUipes is an oscinid fly having peculiar mouth- 
parts, with projecting spines on the pseudotracheae and labellae (see p. 985). 

InocvJaiion tnto monkeys, — The most extensive and minute observations of 
Schdbl on Cynomolgus phUippinensis with emulsified extracts of yaws lesions 
containing 8, pertenuis deserve mention. The injections were made on the 
nose, eyebrows and scrotum. From three to five weeks after inoculation, papules 
appeared, corresponding to the typical yaw. Later, they spread peripherally 
like the ring-worm form of this disease. The disease in the monkey on first 
inoculation runs its course without developing into diffuse secondaries, but 
generalized yaws is produced by superinfection. Other late manifestations, such 
as lupus-like ulcerations and keratoderma of plantar surfaces, resemble those 
seen in man. 

Human inondalion. — The fact that the disease could be transferred by secretion 
from yaws lesions was well known to the slaves in the West Indies. Charlouis 
and others have inoculated yaws patients with syphilitic virus and have pro- 
duced a chancre at a site of inoculation. Schdbl considers that 8. pallida is 
panblastotropic with a tendency to invade and multiply in all tissues and produce 
lesions, but is mesoblastic in its tendencies. Syphilitic lesions are found in the 
skin, mucous membranes, bones and muscles, viscera and nervous system. 
The Bpirochsetes invade the cardio- vascular system and enter the placenta, 
giving rise to congenital syphilis. Tlie yaws spirochsete is epiblastotropic, 
invading certain tissues, particularly the skin and bones ; the nervous and cardio- 
vascular systems are not usually invaded and the disease is not congenital. It is 
suggested that in the few instances in which lesions of the internal organs and 
cardio- vascular system have been reported, co-existing syphilis has not been 
rigidly excluded. 

Yaws, nwreover^ shows a striking limitation to the tropics, and the effect of climate 
. upon it is such that it does not spread in temperate climates from cases which are 
introduced. It is more common at low altitudes and in areas with higher rainfall. 

Yaw's spirochaetes are unable to penetrate unbroken skin surfaces. Auto- 
inoculation may occur during the ^ly course of the disease in man ; the infection 
may spread to other parts of the skin, but mucous membranes are not invaded. 

Other animal inoculations, — Nichols originally showed that yaws, like syphilitic 
lesions, can be produced in the testis of the rabbit, though the incubation period 
is shorter. Pearce and Brown observe, in intratesticular inoculation with 
8, pertenuis in the rabbit, a granular and finely nodular periorchitis, a leaion 
different from that of 8, pallida. Turner and Chesney in Haiti found that in 
rabbits injected with 8, pertenuis the testicular lesions consisted of miliafy 
g^hulee in the tunica and epididymis, but that general eniargenmnt and indura- 
tion (so common after inooulaticm with 8, pallida) do not occur. 

Pathol<H0^.— >A feature of yaws lesions is the great thickening of the epidermis 
and deg^eratkm in the epithelial cells. In later stagea there may be hyptw- 
keratoius. The elongated papillie are vascular, and are infiltrated with lymriio- 
cytes ; leucocytes and plasma cells are also numerous. In oontimst with syfmilis, 
pedvssoalsr infiltraikm in the oorium is absent, and iheio is no endarteritis 
as in syphilis. Dupont and Dubois describe the primary leskm as an i^iidemiic 
paimfe of which the centre becomes necrotic and leads to ulceratkm. Oeinkr 
innltoaricm is Hmited. In contradistinction, the syphilitic chancte eeodss the 
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epidermis and extends more deeply. In secondary yaws large rapuks are 
formed by inflammatory infiltration with hypertrophy of the epidermal ridges. 
In the gummatous stage the essential feature is dominance of the epithelioid 
elements in the infiltration. 


Symptoms. — As in syphilis, the symptoms of yaws can be divided 
into three stages — primary, secondary, and tertiary. 

Primary lesion {ntadra buba or “ mother yaw ”). — According to 
Sellards the incubation jmiod in experimentally-inoculated yaws in man 
is three and a half to four weeks ; in experimental apes it may be as long 
as three months. Naturally-acquired yaws is reputed to have, as a rule, 
a longer incubation period than the inoculated disease. The primary 
lesion may appear as a granuloma or a papule at the site of inoculation, 
1-7 cm. in diameter, and is known as the “ frambcesoma.*' It may develop 
nt thi* site of some old skin lesion. It is 


ordinarily extragenital, but may be 
situated on any part of the body : the 
buttock, thigh, knee, leg, arm, breast, 
or lip (Fig. 90), but is rar<^ on the scalp, 
rhe lower part of the leg is the site of 
proililwtion ; the breasts of nursing 
women and the mouths of suckling 
babies ore not uncommon sites. In Moss 
and Bigelow’s large serit^s the genitalia 
were the seat of the primary lesion in 
only 1 per cent. In native women it is 
fre(juently obst^rved at the bend of the 
elbow, or on the hip, and is contracttMl 
in this situation from carrying children 
who are infected with the dist^as<\ The 
primary lesion may be so small as to 
escape detection ; it may Ik* single or 
multiple, and, in fact, great difficulty 
may be experienced in differentiating it 
from allied cutaneous lesions, but, as a 



Fig. 9®.— Primary yaws sore on lips 
of Australian aborigine child. 

{Dr, //. Basedow, Adelaide) 


rul(\ it is nunarkably persistent, lasting 

from two to four montjis, and it may persist for a year or more. 


According to the Jamaican Yaws Commission, the primary lesion is 
found on the lower extremities in over 70 per cent, of cases. In 39 cases 


it was found : — 


On head, face and neck in 1 
On upper extremities „ 4 

On genitalia „ 1 

On leg „ 12 

On ai^le and foot „ 21 


The lesion, on becoming larger, becomes covered with a yellowish 
secretion or scab. It is at this st^e known as tlie “ mother or master 
yaw,” the ” mama pian of the French. In ordinary locations yaws 
lesions are not painful, unless firmly pressed. 
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The appearance of the lesion is preceded by a certain amount of con- 
stitutional disturbance. The int^isity of the generd s 3 rmptom 8 varies 
within wide limits ; sometimes they are hardly perceptible, so are not 
complained of, but usually there is well-marked malaise with rheumatic 
pains. Occasionally there is severe constitutional disturbance lasting 
for about a week, with rigor, smart fever (100® to 103® P.), persistent 
headache, pains- worse at night — ^in the long bones, joints and loins, 
and sometimes gastric disturbance and diarrhcea, especially in children. 
The lymphatic glands in the immediate vicinity become enlarged. During 
the decline of these constitutional symptoms the secondary eruption 
appears. The Wassemiann reaction bcmmes positive three to four weeks 
after the primary lesion and rapidly grows stronger in titre. 

Sbcondary stage. — This is ushered in by a fine, light-coloured fur- 
furaceous desquamation. The skin becomes harsh and dry, loses its 
natural gloss, and here and there patches of desquamation (best appreciated 
with the aid of a hand lens) are fonned. These patches are mostly small 
and circular ; occasionally they are oval, irregular, or form rings encircling 
islets of healthy skin scattered irregularly over limbs and trunk ; sometimes 
they are almost confiuent, the patches coalescing and making the skin 
look as if it had been dusted over with flour. On the other Imnd, this 
lurfuraceous desquamation may be so slight as to be overlooked. In 
some instances the heaping-iip of desquamating epidermic scales produces 
white depigmented patches, very evident on the dark skia of a negro or 
oriental. 

This patchy, furfuraceous condition of the skin may persist throughout 
the attack, or may reappear as a fresh eruption at any time in the course 
of the disease. It has b^n described by Schobl and Sellards as “ keratoid 
exanthem ” in artificially-inoculated yaws. 

Appearance of the yaw (Pig. 91). — WTien the furfuraceous patches have 
been in existence for a few days, minute papules appear in them. This 
veiy ch^aeteristic eruption, from which the disease takes one of its names — 
frambeesia (or faspberry ) — breaks out three months after the primary 
lesion. These secondary lesions may vary in ske frojn a pin’s heid to 
half a crown and, according to Spittel, begin around the primary sore 
(“ mother and daughter yaw ”). The itching is usually considerable. 
As in syphilis, the eruption may be v^ pleomorphic ; it may be roseolar, 
or consist of macules with desquamation reaemblmg a squamous fnrphiUde. 
It may appem* on any part of the body, especially in exposed situations 
and on the anterior surface. The papules occur in groups, the laigsr 
appeiuing to be surrounded by a poup of satellites, whfeh has given 
rise to the various native designations for yaws. Auto-moeulaticm is 
prol^bly responsible for the appearance of these lesiofits in symmetrical 
fashion, whoever the skin or mucous surfaces come into intiniate contact ; 
they are present at the angles of the month, in the axillis, in the anal 
cleft, and in the inguinal region ; in ornitradistinetion to fyphilii» fliey 
are^ rarely present on the true mucous surfaces, but Cften in dusters,/ — ^ 
tndde the nostriL Several of the groups may coalesce to cover a 
surface. 
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The yaw is pushed up from the rete Malpighii through the homy epi- 
dermis, which breaks over the summit and splits in radiating lines from 
the centre, the necrosed segments curling away from the increasing papule. 
Soon a yellow point appears afound a hair iollicle, consisting of a cheesy- 
looking substance which cannot be wiped away, unless undue force is used. 



Flf« f f*— Seceadanr y«wi la a Malay boy, Om Clark.) 


From this stage the papule may either cease to grow> the apex becoming 
depressed* or may go on to form the typical yaw. In the latter case the 
lesion gradually grows into a rounded excrescence, the yellow material 
at the top widening out so as to form a complete cap encrusting the little 
tumour. !1^ smidlar tumours mre hemkpnerioal ; the larger are more 
fattened* mr even depreei^ at ttie oentrCf possessing everted, somevdiat 
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overhanging, rounded edges. Occasionally, though rarely, a big yaw may 
include an area of soimd skin. 

The firmly adherent crust which caps and encloses an uninjured yaw 
is yellowish, granular, blotched with blood-stains and encnisted dirt. 
Deprived of its crust, the little swelling is seen to be red, generally smooth 
and rounded on the surface, and oozing pale yellowish serum in which 
spirochsBtes may be demonstrated ; when inspissated, this serum forms a 
fresh cap to the yaw, and on microscopic examination is found to be 
teeming with the organisms. According to size, it stands out anything 
from J to I in. above the surrounding healthy skin. Pus, unless a con- 
sequence of irritation, is not, as a rule, found under the crust. 

Although the formation of the papules and yaws is attended with 
much itching, the yaw itself is not at all sensitive ; the tumour may 
be touched, with acid even, without causing pain — a diagnostic point 
of some importance. Sometimes, as in syphilis, the eruption has a circinato 
character, the so-called “ ringworm yaws.” The itching of yaws lesions 



1%. f2.<— Tertiary yaws ttkeratloii on forearm of Byropean. 


is a point of differentiation from syphilis, but, as Blacklock has pointer] 
out, native races are exposed to insect bites and dirt. 

The yaw usually attains its maximum development in two weeks. For 
several weeks longer it remains stationary before b^imiing to shrink. 
The emst ihm thins, shrinks, darkens, separates at the periphery, and at 
last falls off, disclosing, at the site of the .former fungatiiig mass, a slightly 
thiekaii^ spot of fairly sound skin, which, tboii(^ pale at first, may sul^ 
sequ^ly hyperpigmented. 

Sometimes the seconds^ rash takes on a papular appearance, when 
fhe lemons are known as V acuminate papules." These are symmeiricallv 
distributed over the back, shoulders, arms, elbows and knees, and murii 
resemUe a foUimdar syphilide. S^ndary lesions may last from six 
mcmtlii to a yeiur. Sammianeously with tiie eruption, as in secondaiy 
* *1is, there ma^ be a uniform, painleis enlai|pnnant of the lymplhttic 
s, in the aspirated lymph of which the spemfic miero^ganism may 
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be demonstrated. When the lesions subside, pigmented spots remain, as in 
secondary syphilis, and are specially noticable on the palms of the hands. 

Lichenoid eruptions. — TAchen Jramhcesianus (“ Pian datre ”) is a 
lichenoid generalized eruption of the skin defwjribed by Dutch writers in 
the East Indies. It is a micropapular eruption which is very striking in 
appearance and is not associated with yaws papules. It is, of course, 



Fig« 91.— TerHa^ yaws. Onychia of fingers. 


analogous to secondary lichenoid eruptions in syphilis, and must l>e dis- 
tinguished from other lichenoid eruptions, such as lichen ruber planus, 
lichen pilaris and lichen scrofulosorum. It is now generally recognizeni 
as an early secondary manifestation in children and young adults, the 
«anie condition as been described by Nicholls as “ furfuraceous 
desquamation and by German writers as the early frambcssiform 
e fflorescence. The lichenoid emotion is Mt to occur in patches over the 
dioulders and, according to Deiljel and Elsbach, there is a tendency to 




Rg. #4 .— FmI )wn, M- ** craft ram.” {Dr. J. D. Rtti.) 


of beoooung abmbed, break down and ulcerate, the oloeration, which 
may last for yean, b^ng confined to the yaw itsdf. In other inalanoee 
nlceiation goes deeper and extends coeumfereiitiaQy, ^ing rue to 
mctcnsiTe sores with sabsequent cicatrical contractions. Sdch ulcemtions 
occur in about 8 per cent, of eases uid may or may not be «nerosted. 
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(Fig. 92.) With the development of the deeper and wider forms of ulcera- 
tion, the typical lesions of yaws may disappear for a time, or perhaps 
permanently. In the latter case the ulcers are said to be non-infective. 
Ulceration of the greater part of the limbs, especially the leg and ankle, 
may take place. Tertiary manifestations are seldom observed in cases 
which present late secondary lesions. The serum of these cases gives 
positive Wassermann and Kahn reactions, but the cerebro-spinal fluid, 
in cases of advanced ulceration of the nose and other parts of the body, 
gives a negative reaction with a normal cellular and biochemical picture. 

Lesions of the hands . — A scaly condition of the palms of the hands may 
persist for years. Multiple dactylitis, with uniform swelling of the 
phalanges, onycliia, paronychia, atrophy of the nails, and subsequent 
deformity, is often obsen^ed. ' 

IHIIIHIHIBIIHH 

parangi — Ceylon 

— West Indies). — 
develops on 
causes sufler- 
down by 

ttiH epidermis. 

the 

biH*onte large. 
a the over 

the 

up a fashion 

thus 

the fungates, 

yaws 

lifetime after infection 
childhood. Chosterman 
geests that in the foot lesions a 

fixHf ion point for S. p^muit i« ,5.-(U«gott In an Australim 

fonutHl. A condition known as al^origlne. ,{Dr. H. Basedow, Adelaide.) 

“ clavus ’* in Dominica results 

from thd healing of these gramilomata ; the centre of the core drops out, 
leaving an irr^lar erosion of the sole of the foot, or thert may be deep 
lissures or cracks. Similar pitting occurs on the palms of the hands. 
According to Sayers, this is the commonest k^sion of 3 'aw 8 in the Solomon 
Islands, and causes great disability, especially in children ; when bilateral 
it incapacitates them from walking. 

Gawpm (derived from tha Spanish meaning “ muffled voice ”), or 
destructive ulcerous ihino-pharyngitis (Fig. 96), which is now generally 
regarded as a sequel of yaws, usu^y commences as an ulcer on the soft 
palate. Slowly spreading, it may make a clean sweep of the hard palate, 
the soft {Murti, cartilages and of the nose, sparing the upper lip, 

which is Ibft as a biidige across a great chasm, the floor of which is fonuM 
^ 'y the intact loi^e^ A most offensive odour is given off from the ulcerated 
39 
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surface. The disease may be arrested spontaneously at any period of its 
progress, and long before such extensive mutilation as that described has 
been effected ; but it is always a longstanding and chronic affair and may 
linger as an indolent ulceration for years. As a rule, the larynx is spared ; 
but although phonation may be retained, articulation is seriously impaired. 
Gangosa occurs at any age, but is rare in young adults, though Leyes 
states that in Guam he has seen it in children of 8, 4, and 9 years of age. 
It is very common in parts of the West Indies (Dominica, ^ cases in a 
population of 2,000), Guam (1*5 per cent, of the population), the Carolines, 

Fiji, Ceylon, British Guiana, and West, 
Central, and East Africa. It is often found 
associated with the lx»ne lesions of yaws. 

Goundou, or AndkhrS (“ Gros Nez ”). — 
In 1882 MacAlister drew attention to 
what were termed the homed men of 
Africa, and in 1887 Lamprey gave further 
details illustrated with drawings. The 
natives call the disease goundou and 
anikhre. Later observations show that 
it has a wide distribution in Central Africa 
and South America, and that a similar 
disease occurs in the larger apes, chim- 
pauses, and baboons. An ancient Inca 
skull from Peru, described by Letulle, 
shows the characteristic lesions of 
goundou. 

Stannus and Hamerton have shown that in 
the apes the hyperostosis is probably the 
after-result of osteitis cystica. 

Goundou usually commences during 
childhood, although adults may be 
attacked. The earliest symptoms are 
severe and more or less persistent head- 
ache which, after a time, is associated 
with a sanguino-punilent discharge from 

the nostrils, and formation of symmetrical 

swellings the size of a small bean at the 
side of the nose. Apparently the swelling 
wects the nasal process of the superior maxilla. Tlie cartilages are not 
involved. After continuing for six or months, the headache and 
discharge subside. The paranasal swellings persist, mid continue slowly 
and steadily to increase until in time th<y may attain the size of an orange, 
or even of an ostrich*s egg. As they grow, tibe tumours, encroaching 
on the orbits, may interfere with the line of vision and finally destroy 
the ejres. In severe cases there is a g^eral diffuse hyperostosis of the 
anterior part <rf the maxilla. There is no pain in the tumours themselves. 
The su^eqac^t skin is healthy and fremy movable. The tumours are 
oval, with the long ax^ directed downwards and slightly from within 
outwards (Fig. 96). The nostrils are bulged inwards and more or less 
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obstructed. The hard palate is often affected, resulting in the most hideous 
deformity. General glandular enlargement may be noted. Trauma 
seems to predispose to the development of goundou. 

A case of goundou associated with tertiary syphilis was described in London 
by Sharpe. The patient had never been in the tropics. The lesions resembled 
the paranasal swellings so characteristic of goundou. 

According to recent accounts, cases of goundou in Jamaicans invariably give a 
positive Wassermann reaction. 

The bony outgrowths, not necessarily bilateral, are attached to the nassd 
bone and nasal process of the maxilla, but, according to Botreau-Roussel and 
Clapier, they are not entirely confined to this region ; a similar hyperostosis may 
co-exist on the tibia, upper or lower jaw, forearm, femur, or clavicle. There is a 
general opinion at present that goundou is a systematized hypertrophic osteitis 
connected in some way with yaws. 

The bony changes of goundou consist of hyperostosis, which may be limited 
to the ascending or nasal processes of the superior maxilla, or be more widespread 
and affect the other bones of the skull as well, with an ever-present tendency to 
the formation of bosses of overgrowth and to the obliteration of adjacent cavities. 
The underlying pathological process is an osteo- periosteal dyscrasia, and the 
end-result is the production of finely-porous bone. 

As yaws and syphilis are so closely allied, it might be expected that similar 
Unions might be found in the generalized osteitis of syphilis, but there appears to 
be very little evidence of it. There is very little difference between the bony 
changes of goundou and those which have bc^en called Ipontiasis osaea, and. 



Flf . 97.— Diftoitloii of fhif m in tertiary yaws. 

aocording to Stamuia, bjmroatoaia of the facia! bones has also been recorded in 
Paget*a diaaaae- -osteitis ^ormoM. According to modem knowledge, it seems 
possible that goundoa is more akin to due to interference with the 

hony metaboSam and an endocrine disorder, and it may well be that in tUs 
instance yavra oom^tutea the non-apeoiic &otor acting on an ill-fed native child 
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population. Goundou-like swellings in horses, monkeys and young pigs oach- 
erie osseuse ”) point to osteitis fibrosa as the initial sta^ of this condition and aU 
changes between cystic disease of the bones and hypertrophic exostosis can be 
traced in a series of skulls. 

Treatment consists in incising and displ^ing the periosteum and 
chipping away the bony outgrowth with a chisel. Early cases, according 
to Botreau-Roussel, yield to intravenous and intramuscular injections 


9S.— Tftlil perlotteal flodes, iitcm, afit demmity of 
, fhtimgei in yaws. 

of neosalvarsan, four or more injeetioiifl being necessary before improve-* 
ment is observed. This obser\^<^ operated with success upon 118 out of 
180 cases observed on the Prendi Ivory Coast and the reader is referred 
to bis mcmograph (Masson et Cie., 1926) for furtiier information. 

Pcrtosifis, osieiUs and epijhymHt (Kgs. 97, 98, 99). — Circumscribed 
painful periosteal nodes me frequency found on the mitmior aspect 
of the long bones, especially the radius, ulna, and tibia. The swelhngs 
are hot and exquisitely tender, and the supeijaceni skin is tense ai^ 
stretched. Aftm: the subsidence of the aeu^ stage, hard, firm periosteal 
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nodes remain. A diffuse osteitis may result in a sabre-shaped deformity 
of the long bones, especially the tibia and occasionally the arms and fingers. 
A rarefying process is also at work, for such bones are subject to spon- 
taneous fracture with resulting malunion, accidents which are common 
in districts in which yaws is endemic. Hackett, who has studied the sabre- 
shaped tibiae* of the aborigines of Australia, believes that syphilis does not 
occur among these peoples, and that the bone lesions are due to yaws. 
Colloquially known as “ boomerang leg,” the defoniiity is an antero- 
posterior curvature below the knee with a forward convexity; occasionally 
there are bosses of localized periostitis. Radiographs show that areas of 
rarefaction appear early, and the bone becomes deformed. The appear- 
ances depend upon the severity of the initial lesion and the time which 



Fig* 99 , — Sabre-like deformity of tibia, radius, and ulna, and multiple cutaneous 
ulcerations in yaws. 


has elapsed since the onset of the diseastn Other lesion of yaw^s, including 
gangosa, have been noU'd in Central and Northern Australia. A chronic 
periostitis of the clavicle is frequent in Fiji. These bone changes are 
accompanied by intense rheumatic pains, and have received distinctive 
names, such as ” sasala.” 

Juxta-articular nodtdes , — Fibrotic tumours situate over the olecranon, 
the lower end of the femur, and in other situations on the long bones, are 
now regarded as a tertiary phenomenon of yaws. Formerly they were 
regard^ as constituting a disease sui generis, but those cases whic^ have 
l>een investigated invariably give a positive Wassermann reaction. Origin- 
ating subcutanepusly, these noduk^ may reach the size of a small orange 
(Fig, 100). They are remarkably painless, and very rarely ulcerate or 
suppurate. Juxta-articular nodules are generally multiple, and usually in 
the neighbourhood of the joints, but, according to Steiner, may occur 
scattem over the body. Similar lesions have been described in tertiary 
^hilk, and the Spirocheta paUida has been isolated from them (Hu and 
^zier), while Hudson found the same nodules in ” bejel,” the non- 
venereal qrplulis of the Arabs, among whom they occur in 2*1 per cent. 
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of the adult male population and are known locally as “rik.** According 
to Frontoynant and Girard, they contain uric-acid crystals. In Africa they 
are apt to be mistaken for Onchocerca volmdua cysts. 

Skin lesions* — Healing of subcutaneous gummata is frequently followed 
by depigmentation of the skin, resulting in light-coloured or leucodermic 
patches, especially visible in native races. A macular depigmented 
exanthem limited to the hands, wrists, feet and ankles is pathognomonic 
of yaws and was first described by Ziemann as “ melung.’* 

After effects. — Contractions resulting from scar tissue may lead to 

partial ankylosis of joints, in severe 
cases to the destruction of lymph- 
channels and to the production of 
elephantiasis in the affected limb. 

Synovitis. — Chronic synovitis, analo- 
gous to that of tertiary syphilis often 
associated with bone lesions, and, it may 
l>e, with disorganization of the joint, 
has been recorded. 

Ganglion^ and other lesions. — The 
frequency of tenosynovitis and ganglion- 
formation in the r^on of the wrist was 
noted by Graham, Moore, and other 
observers. These ganglia *are usually 
associated with tenosynovitis and, as 
extra proof of their origin, they lK)th 
r^pond in a remarkable manner to 
treatment with neosalvarsan and bis- 
muth. Stricture of the mouth due to 
tertiary yaws has been recorded. 

The general health. — Except during 
the initial fever, or during one of the 
recurring febrile relapses, the general 
health is not, as a rule, affected. 
Occasionally, however, there are debility 
and cachexia ; or there may be enlarge- 
ment and tenderness of the lymphatic 
glimds. In other instances rheumatic 
pains may be very severe. 

I nun ii ni ty. — After the subsidence of the secondary stage immunity 
is produced, but Sellards and Goodpasture demonstrated that this is relative 
only, for they successfully re-inoculated mth the disease patients who had 
undergone a course of salyarsan treatment. Apparently, saturation of a 
community with yaws virus produces a relative immunity to syphilis. 
On these grounds may be expired the well-authenticated fact that syphilis 
is absent ammigst the Pdynesians of !^i, Tonga and Samoa, in whom yaws 
is specially prevalent. Formerly Pgians were in the habit of inoculating 
their children against yaws to protect them from subsequmit attacks. As 
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far as accurate experiments have gone, immunity in syphilis is acquired 
much earlier than in yaws. 

Duration and recurrences. — ^Yaws lasts for weeks or months or years, 
its duration depending on general health, idiosyncrasy, hygienic conditions, 
and the treatment. Mild cases in healthy subjects terminate in about 
six weeks ; though the average duration of an attack is estimated at about 
one year. In other instances, especially in the debilitated, the disease runs 
on for months, successive crops of eruption being evolved. Sometimes 
these recurrences may stop short at the stage of desquamation, or at the 
papular stage, or they may proceed to the formation of typical yaws. 
They are usually preceded by feverishness, pains in the bones and joints, 
and the successive crops may either be limited and partial in their distribu- 
tion, or general. 

Sequelae. — Contrary to general opinion. Harper in Fiji believed that late 
manifestations of yaws occur as in syphilis and that they produced neurological 
conditions resembling those of locomotor ataxia and general paralysis. Lambert 
recorded in the South Pacific 42 Melanesians and Polynesians who died in Samoa 
of G.P.I. ; furthermore, aneurysmal dilatation and aortic jiisease were com- 
paratively common. 

Chossier, in routine post-mortems in Haiti, found aneurysms and other 
arterial degenerations in chronic yaws, but more recent writers (Blacklock), 
in assessing the clinical differentiation of yaws and syphilis, have once 
more remarked upon the comparative rarity of visceral and neurological 
k»sion8 of the latter amongst native races. In yaws the Wassermann 
reaction of the cerebrospinal fluid has been generally found negative, 
especially in the ti^rtiary stages. Chesterman emphasized the comparative 
frequency of new growths following yaws and has recorded melanoma, 
implanted upon crab yaws of the foot. 

Mortality. — Although in the literature reference is made to deaths 
from yaws, yet, judging from the statistics collected by Nicholls, the 
mortality must he small indeed. 

Diagnosis. — A painleas, insensitive, larger or smaller, circular, encrusted 
red, granulomatous excrescence occurring in an endemic district is almost 
(M^rtainly yaws. The most important point about yaws, both in diagnosis 
and in aetiology, is its relationship to syphilis. Both diseases may occur 
in the same individual (Powell cites two cases, and Charlouis two, of syphilis 
supervening on yaws) ; and antecedent syphilis certainly does not confer 
absolute immunity to yaws, nor antecedent yaws to syphilis. The serum 
in both diseases gives a positive Wassermann reaction. Yaws may die 
out in a community, as in British Guiana (Daniels), yet syphilis remain ; 
yaws may be universal in a community, as in the Fyians, Tongans 
and Samoans, and yet true syphilis, whether as an acquired or as a con- 
genital disease, be unknown. In yaws, Hutchinson’s famous syphilitic 
triad — the characteristic notched teeth, nerve deafness, and interstitial 
keratitis — are absent. 

Table IX diows the main points of differentiation. 
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Tablb IX 

Yaws 

Not oongenital. 

Primary 9ort — extragenital. 

Secondary Maye 


(а) Typical yaw pathognomonic ; fur- 

fdraoeous desquamation and 
plantar lesions characteristic. 

(б) Mucous membranes not affected. 

(c) Itching common. 

(d) Alopecia unknown. 

(e) Eyes unaffected. 

Tertiary stage 
{a} Visceral lesions absent. 


(6) Nervous system not usuaUy 
affected. 

(c) C.S. fluid always negative Wasser- 

mann (Fischer; Turner, Saun- 
ders and Johnson). 

(d) Blood-vessels : no endothelial pro- 

liferation as in syphilis. 

Yaws better resisted. Constitutional 
disturbance slight ; great exuberance 
of eruption and cheloid scarring. 

Dom not respond to mercury. 


Syphius 

Congenital. 

Primary sore — usually genital. 
Secondary stage 

(a) Seldom imitates fhtmbcesia. 


(b) Mucous membranes affected. 

(c) Itching rare. 

(d) Alopecia may occur. 

(e) Iritis common ; choroiditis and 

retinitis rare. 

Tertiary stage 

(a) Visceral lesions occur, e.g., peri- 

cellular cirrhosis, gumma of 
liver, kidney. 

(b) Nervous system liable to in- 

fection : tabes, G.P.I. 

(c) C.S. fluid usually positive Waseer- 

mann. 

(d) Endarteritis obliterans of viscera 
* — cerebral thrombosis. 

Syphilis attacks constitution, affect- 
ing the vital structures. 

Responds well to mercury. 


Secondary yaws may have to be differentiated from bromide raahes. 


Tueatmbnt 

General measures. — All are agreed on the propriety of endeavouring, 
by good food, tonics and occasional aperients, to improve the general 
i^Ith. Most are agreed on the propriety of endeavouring to procure a 
copious emption by stimulating the functions of the skin — by warm 
demulcent drinks ; by a daily warm bath with plenty of soap ; emd, 
during the outcoming of the eruption, by such diaphoretics as liquor 
ammonias acetatis and guaiaeum. Warm clothing is indicated. In crab 
yaws a local application of 2 per cent, tartar-emetic ointment in vaseline 
is very useful. 

I. SalvarsaUt ueosalvarsan (Neoarsphenamine^). — ^Except where 
much bone destruction has taken place, salvarsan, or letter stiU its more 
recent and more soluble derivatives, has an almost magical curative effect 
upon yaws in every stage of the disease. The most generally used drug 
at tihe present time is neosalvarsan (neoarsphenamine). It is given intra- 
venously to adults* and, if possible, to diildren ; or intramusculariy 
(0*4 gnu* dissolved in oil, into the buttock). The more urgent sjrmptoms 
yidd much mme rapidly than do tiiose in syphilis, and relapses are not 
so common. Smee ^ introduction of salvarsan the natives of the Congo 

< ^ mscaaub eto tem§ mpbmmmtoe mad amMUtplimmiii* m ghwn m il 



BISMUTH TREATMENT 


601 


dislike being treated until the secondary rash is well out. For adults 
the intravenous dose advocated is 0*6-0*9 grm. ; for young adults 0*6 
grm., for children up to ten years of age 0*8 grm., and for children under 
two years, 0-1 grm. 

The systematic use of neosalvarsan in a yaws community would, if 
thoroughly carried out, promptly get rid of the endemic disease, and, 
wherever possible, it should be enforced. The average time to effect a 
clinical cure is eleven days. In Samoa it has been found necessary to 
give three injections of 0*6 grm. of neosalvarsan, at weekly intervals, for 
an adult male, and appropriately smaller doses for women and children. 
Babies are treated by intramuscular injections. Moss in San Domingo 
found that the cure after three injections is permanent. The great 
objection to mass treatment of native populations with the salvarsan 
compounds is their prohibitive cost. Apparently, mercury and potassium 
iodide have little therapeutic action in yaws of adults as compared with 
syphilis, but in breast-fed children these drugs will cure the infant through 
the mother’s milk. 

II. Bismuth. — The successful treatment of syphilis by Fournier with 
sodium-potassium-bismuth tartrate led to the adoption of a similar 
method in yaws. The considered opinion of workers is that none of the 
many bismuth preparations can be said to take the place of the synthetic 
arsenicals in African yaws and syphilis. The most active form appears 
to be the sodium tetra-bismuth turfrcUe in both secondary and tertiary 
yaws. 

All preparations act more efficaciously when given in the early stages. 
Injections should l>e made deep into the subcutaneous fascia, and 
occasionally some induration and abscess-formation may result. When 
treating natives on a large scale, a soluble form of sodium-bismuth tartrate 
(SoWa*), is preferable. This was introduced by J. O. Shircore, and is now 
manufacture locally in East Africa. The dose is 8 gr. dissolved in 8 c.c. 
of distilled water, or in oil injected intramuscularly ; for children up to 
two years, 1-1 gr ; from two to eighteen years, 1-2 gr.; and for aged persons 
lJ-2 gr. The generally accepted dosage for an adult is lJ-4 gr. weekly 
<with a total dosage of 6-14 gr. Children tolerate relatively larger doses 
than adults. Since 1924, over a million cases have been treated in Tan- 
ganyika alone by this method. 

liutfer adopted sobita as the standard method of treatment in the 
Solomon Islands. Thn^? consecutive injections resulted in the healing 
of 66 per cent, of secondary and 78 per cent, of late tertiary lesions, but 
relapses tended to occur within six months, though this tendency is less 
in the late tertiary than in the secondary stage. No significant differences 
could be observed between neosalvarsan and sobita during this investiga- 
tion. 

In patients with septic mouths, stomatitis and albuminuria are apt 
to ensue as a result of this bismuth treatment. Other toxic effects are 
diarrhoea and skin rashes, wliile lassitude and articular pain occur in some 
cases. This, and the fact that throe or more injections are necessary, have 


* Thif pretMraUon it placed on the market by Howard ft Soot. 
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been the greatest objections to the general use of bismuth, especially in the 
Solomon Islands and the Ck)ngo. On the whole, the toxic effects of bismuth 
are less frequent and are milder than those of mercury and salvarsan. 
In Jamaica, the dioxide of bismuth is preferred, and next in favour is 
the oxychloride. Bismuth salicylate is alk) used in 10 per cent, suspension 
in olive oil. In Jamaica six to ten treatments are given. In the waging 
of a great anti<yaws campaign, as -at present in Kenya and Tanganyika 
Territory, bismuth has the undoubted advantage of cheapness, costing 
less than half a farthing a dose. According to l^nschell, stomatitis may 
be avoided if injection is made into the deep subcutaneous tissues, rather 
than intramuscularly, and the resulting pain may be mitigated. 

Bisniosich (Boots) is metallic bismuth suspended in glucose solution. 
When given deep-subcutaneously, it is practically painless. The dosage 
is 20 eg. (3 gr.) locally, and a total of 6 grm. (90 gr.) can be given altogether 
in refractory cases. In the tropics, however, preparations of bismuth 
metal have been abandoned as they are apt to block the needles. 

Casbis (Bayer), a sterile oily suspension of bismuth hydrate in fine 
dispersion, is highly spoken of on account of the fineness of the suspension. 
Adults receive 0*5-1 c.c. doses, and the total dosage is 12-15 c.c. 

III. Combined treatment. — According to latest reports, the 
combined neo-bisniuth treatment is the most effective. By combining 
bismuth and neosalvarsan (neoarsphenamine), in alternating weekly 
injections, the chances of severe reactions are reduced. Neosalvarsan 
is given intravenously and bismuth intramuscularly. Attempts to 
combine the two preparations in one compound are now being made. 
Bismuth arsanilate (Martindale) in sterules containing BijOs, 58 per cent., 
arsenic, 17 per cent., given by injection, has been tried in Tanganyika 
and Nigeria. Other preparations, known as neotreparsenan and bismuth 
arsphenamine sulphanats, are given in doses of 20 eg. (8 gr.) per week up to 
a total of 6 grm. (90 gr.). It is said that the addition of 01 c.c. of buiyn 
exerts a local ana^thetic effect. A French preparation, which is well 
tolerated, is known as BivaioL 

TV. Arsenical preparations given by the mouth.— Stovar sol 
is a much more convenient method of mass- treatment than injections of 
salvarsan. It is customary to commence with 1 grm. daily, increasing to 
1^, 2, and 8 grm. on successive days for adults ; ^-1 grm. for children. 
After a total of 8-15 grm., according to van den firanden and Lefrou, the 
Wassermaiin reaction becomes negative. Chestennan considered three 
courses necessary to effect a cure, but found that he could give in stovarsol 
ten times the corresponding dose of neosalvarsan. Slight diarrhoea is the 
only untoward symptom of intolerance occasionally observed, though he 
gave as much as 2 grm. to children at a single dose. One objection to 
stovarsol is that the full course may be more expensive than injections 
of salvarsan. Hahrsol (May & Baker), oxyamino>phenyI*dichlorasine, in 
inteavenous and intra-muscular injections in doses of 0*125 to 0*25 grm. for 
three doses at three- to four-day intervals, has been proved on the Congo 
to be efficacious in all stages of yaws. The minimal toxic dose is 4*5 mgm. 
per kilo. 

Cofiarsone, p-carbamino-phenyl aisonic acid, first prepared by Bhrlidhi 
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contains 28*85 per cent, of arsenic. It is given in the same doses as stovarsol 
and the therapeutic dose is 75 mgm. per kilo bod 3 rweight. ^ number of 
other preparations for the treatment of yaws and tropical syphilis are 
detailed in Chap. 49, p. 828. 

Prophylaxis resolves itself into the adoption of measures to prevent 
contagion. These are the isolation and segregation of the affected ; the 
dressing and treatment of wounds in the hitherto unaffected ; the applica- 
tion of antiseptic ointments to yaws sores, so as to obviate the diffusion 
of spirochaetes by flies ; the purifying or destruction by fire of houses or 
huts notoriously infected ; the prevention of pollution of bathing- water by 
yaws discharges ; and, especially, the prompt treatment of the infected 
by salvarsan and bismuth. 
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MYCETOMA AND BLASTOBIYCOSIS 

Ssmonyms. Madura Foot ; Pseudactinomycosis. 

Definition.— A fungous disease of warm climates, affecting principally 
the foot, occasionally the hand, rarely the internal organs or other parts 
of the body. It is characterized by enlargement and deformity of the part ; 
an oily degeneration and general fusion of the affected tissues. The disease 
runs a slow course, is never recovered from spontaneously, and, unless 
removed, terminates after many years in death from exhaustion. 

History and geographical distribution.— It was first described by 
K&mpfer in 1712. Subsequently it was confused with tuberculous disease. 
Carter, from 1866 to 1874, furnished the information upon which modem descrip- 
tions are based, and since then further advances have been made by Bouffard 
and Brumpt. 

In India, mycetoma is endemic in widely scatten^d districts, although 
whole provinces, as that of Lower Bengal, enjoy an almost complete 
immunity. It appears to be acquired only in rural districts, the in- 
habitants of the touiis being exempt. Among the more afflicted districts 
may be mentioned Madura — hence the name “ Madura foot ” by which 
mycetoma is often known — Delhi, various places in the Punjab, Kashmir 
and Eajputana. In recent years we have had accounts of its occurrence 
with some degree of frequency in Senegambia, Somaliland, Aden, Algeria, 
Egypt, the Sudan, Madagascar, Ccx?hin-China, Italy, the United States, 
and South America. The following varieties have been described : — 

i. AcnnoMYConc Mycbtoma 

Caused by the ray-fungus, Discomyces bavis (Hair, 1877). Actinomycosis has 
a world-wkie distribution and is a coronion disease of cattle. It destroys bone 
by erosion and spares only nerves and tendons. The pus from the affected region 
contains small yellowish granules C sulphur grains *') of irreguliu’ shape, attatning 
at most 0*76 mm. in diameter. They are soft and ocmsist of an inextricable 
felted mass of mycelium. The threads are radially arranged at the periphery of 
the grain, and their free extremity widens into a bulbous, club-like termination 
(10-20 p long by 8-10 p wide). Hiese chibbed ends have been looked upon by 
several authm as forms of degeneration. 

ii. Viwckiit’s Whitk Mtotoma 

Caused by Diacomycea madura (Vino^t, 1894). This kind of myoetoma is 
common and widely ^tributed. It has be^ olMkrved in Algeria, in Abysrinia, 
in Somaliland, in Cyinas, in India, in Argentina, and in Cuba. 

Unlike 2>. bovis and other mycetoma-produdng fungi, it does not destroy 
bone, and does not seem to act directly on the general health of the patient, 
though ultimately and indirectly it may bring ab^t cachexia. 

iii. Nicowi*s Whits MYonroiiA 

Caused by SUrigmakfeydu (A9pergi!0m) mdmkmB (ESidam, 1883). So lur, only 
a few oases have been observed, by NIcdle and Finoy, in Tunis, but 
it bcouii in many places, the pmsite 8. beii^ widdy dfambhlea* 
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Primary infection probably takes place from barley grain. The grains formed 
by this fungus may also attain the size a pea, but they differ from those of 
Dtaeamyeea madurce^ inasmuch as they are more or less spherical and present a 
smooth surface. 

iv. Bouffard’s Black Mycetoma 

Caused by AspergiUus houffardi (Brumpt, 1906). The grains are quite charac> 
teristic. TTiey are black and vary in size from a pin’s hei^ to that of No. 1 shot. 
They present a mulberry -like su^ce which is smooth and glossy, the structure 
consisting of a coded -up mass. 

V. Carter’s Black Mycetoma 

Caused by MadureUa myeeUmi (Laveran, 1902); This mycetoma has a very 
wide distribution. It has been observed in Italy, in Africa (Senegal, French 
Sudan), and in India. 

The grain formed by MadureUa mycdomi is dark-brown or black. It measures 
1 to 2 mm. in diameter, is hard and brittle ; its surface is irregular and frequently 
presents pointed eminences which differentiate it from the larger and smooth 
grains of Aspergillus bouffardi. The grain is composed of white threads, always 
over 1 {Jt in dimeter and attaining at times 8 to 10 p, which secrete a dark-brown 
substance tlmt cements them together. 

vi. Brcmpt’s White Mycetoma 

Caiued by IndieUa mansoni (Brumpt, 1906). This form was described from a 
specimen of Indian origin in the museum of the I^ondon School of Hygiene and 
Tropical Medicine. 

The grains peculiar to this form are hard, white, and very small, varying in 
size between and ^ mm., and having a lenticular shape. Some are bean-shaped 
and flat. To study their structure it is necessary to boil them flrst in a solution 
of caustic potash. The hyphal threads are large and closely set, but without 
any cementing substance between them. The periphery of the grain contains 
numerous large chlamydospores having thick walls and being full of protoplasm. 

vii. Reyhier’s Whitk Mycetoma 

Caused by InditUa reynieri (Brumpt, 1906), originally described by Reynier 
from a specimen in Paris ; a 8eoond,case has been recorded from Greece. 

The grains may attain 1 mm. in diameter ; they are soft, white, and consist 
of a coiled-up strand which gives them a peculiar appearance resembling the 
excrement of earthworms. 

viii. BotTFFARD’s White Mycetoma 

Caused by IndieUa somaliensis (Brumpt, 1906). This form is perhaps even 
more common in India than Vincent’s white mycetoma. Bouffard has found it 
twice in Somaliland. 

IndieUa somaliensis is a most destructive fungus. In a foot examined by 
Brumpt all the muscles, tendons, and bones had been replaced by sclerosed 
tissues, more or leas homogeneous, presenting numerous sinuses full of yellowish 
grains olustered together Uke fish-roe, and many small inflammatory nodules 
contaiiiing one or more grains. . 

Culture* — CultUkes can be made, is in actinomycosis, both under kerobic 
and anAerobio conditions on glucose or glycerol-agar plates, in shake cuhures 
or in Loeffler’s serum. Some workers recommend keeping cultures in an atmo- 
sphere of (X)s, The medium should be inoculated directly with colonies frx>m the 
pus but^ owing to slow growth of the actimonyces, pure cultures are somewhat 
difficult to obtain , unless the pus is free frt>m oontamii^mi with other organisms. 
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Pathology. — On cutting into a myoetomatous foot or hand the knife passes 
readily through the mass, exposing a section with an oily, greasy surface, in 
which the anatomical elements in many places are unrecognizable, being, as it 
were, hised together, forming a pale, greyish-yellow mass. The bones have in 
parts entirely disappeared ; where their remains can still be made out, the can- 
cellated stracture is very friable, thinned, opened out, and infiltrated with 
oleaginous material. Of all the structures, the tendons and fasoiee seem to be 
the most resistant. 

The most remarkable feature revealed by section u a network of sinuses and 
communicating cyst-like cavities of various dimensions, from a mere speck to a 
cavity an inch or more in diameter. Sinuses and cysts are occupied by a material 
unlike anything else m human morbid anatomy. In the black varieties this 
material consists of a black or dark-brown, firm, friable substance which, in 



Fig. I il.-— Mycetoma of about two years* staiidifig. (After Legrain.) 


many places, stuffs the sinuses and cysts ; manifestly it b from this that the 
black particles in the discharge are derived. In the white varieties the sinuses 
and cysts are also more or less stuffed wiUi a white or yellowish roe-like substance, 
evidently an aggregation of particles identical with those escaping in the corre- 
sponding discharge. In the very rare red variety the colour of tlm accretions is 
nd or p^. 

UndOT the microscope the mycotic elements can be readily recognised in the 
conoretioni. In mioroscqpic sections of the tissues, evkfmces of extensive 
degenerative changes, tiie result of a chronic infiammatory prpoess, can be made 
out. An important btAum is a sort of arteritis obliterans, or extensive prolifera- 
ticm of the endothelhiin of the arteries, and, according to Vincent, a tfaiokenii] 
of the adventiria of the vessels as well as of the capillaries in the more af 
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on the Hole of the foot. The first indication is the slow formation of a small 
firm, rounded, somewhat hemispherical, slightly discoloured, painless 
swelling, perhaps about ^ in. in diameter. After a month or rather more, 
this swelling may soften and rupture, discharging a peculiar viscid, syrupy - 
looking, oily, slightly purulent, sometimes blood-streaked fluid holding in 
suspension certain minute, rounded, greyish or yellowish particles, often 
compared to grains of fish-roe. In other examples of the disease the 
particles in the discharge are black, having the size and appearance of grains 
of coarse gunpowder. Sometimes these particles are aggregated into larger 
masses up to the size of a pea. In time, additional swellings, some of which 
break down and form similar sinuses, appear in the neighbourhood of ‘the 
first, or elsewhere about the foot (Fig. 101). The sinuses are mostly per- 
manent, healing up only in a very few instances. Gradually, the bulk of 
the foot increases to perhaps two or three times its normal volume (Fig. 102). 
There is comparatively little lengthening, but there is a general increase in 



Fig. 102.— Section of a Madura foot. (T. R, Lewis.) 


thickness, so that in time the mass comes to assume an ovoid form, the sole 
becoming convex, the sides rounded, and the anatomical points obliterated. 
The toes may be forced apart, bent upwards at the tarso-phalangeal joints, 
or otherwise misdirected, so that when the foot is placed on the ground the 
toes do not touch it. The surface of the skin is roughened by a number of 
larger or smaller, firmer or softer hemispherical elevations, in some of which 
the orifices of the numerous sinuses open. 

The discharge from the sinuses differs in amount in different cases, and 
from time to time in the same case ; whether profuse or scanty, it always 
exhibits the same oily, mucoid, slightly purulent appearance, and may 
stink abominably. With a very few exceptions it contains either the grey 
or the black grains, rarely reddish or pink ones. 

As the foot enlarges, the leg atrophies from disuse ; so that in the 
advanced disease an enormously enlarged and mis-shapen foot, flexed or 
extended , is attached to an attenuated 1^ consisting of little more than skin 
end bone. In some cases the tibia or bones of the forearm are involved : 
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in others the disease at hrst may be confined to a toe, or a finger, or other 
limited area. In a very few instances the seat of the disease is the knee, 
thigh, jaw, or neck. Unless the case be one of actinomycosis, the internal 
organs are never implicated, either primarily or secondarily. The lymphatic 
glands, likewise, al^ough they may show adenitis from secondary septic 
infection, are very rarely involved. 

After ten or twenty years the patient dies, worn out by the continued 
drain, or carried off more suddenly by diarrhoea or other intercurrent 
disease. 

Treatment. — The only effective treatment is amputation, well above 
the seat of the disease ; for the long bones may be implicated, as well as the 
small bones, and unless the entire disease be remov^, it will recur in the 



Pig. lil.— OtfomegtattMiiycesis af feet, ** Messy feet,'* frem 
Bffttsli Qidaiu* {Dr. Wase-BaiUp.) 

stump. Oomplete removal is not followed by relapse. If a toe, or a small 
portion of the foot or hand, is alone involved, this may be excised. 
Potassium iodide in large doses has been found beneficial in certain tonns. 

Buchanan recommended surgical removal of as much diseased tissue as 
can be eonv^iently reached. Then tincture of iodine riiould be iiyeeted 
into an j suspicious area remaming, in the hope that the surviving elements 
will be idlled ; therefore 1-2 c.c. of iodine should be iryeoted ev^ ten days 
fcNT at knst two months. At fim, the local reaction is not severe, hnt lator it 
becomes so. Probably a less irritating solution, such as LugoFs, would be 
better. 

Polamum ioctide should be given by the month in large doses over a 
considenMe period, and tiiare are those who think ttiat ttie ]Prenoh tinctme 
ci mdine is ince?e effective if administered in frequait doses of 8 drops in 
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mflk. Quite recently^ the sulphonamides — sulphapyridine and sulpha- 
thiazole— in full doses have been found effective in actinomycosis of. the 
bowel, and therefore should be given a therapeutic trial in Madura foot. 

Blastomycosis 

This term is used to indicate lesions, other than mycetoma, produced by the 
proliferation of certain yeast-like fungi in the tissues. Normally these are 
either saprophytic or live as parasites on animals or plants, and appear to be 
especially abundant in tropical countries. Doubtless they get access to the human 
tissues through some wound or breach of surface. The following clinical types 
have been recognized : 

I. Chromoblastomycosis ** Mossy foot ’’ (Fig. 103).— A papillomatous 
condition of the legs and feet first described by W. '^omas in the Amazon Valley, 
Brazil, but now reported from Honduras, Nortb^ East and South Africa, Porto 
Rico, Southern United States, Dutch Indies, Japan, South Russia and 
Rhodesia. 

The disease is due to an infection of the skin with a fungus — Phialophora 
verrucom (Thaxter, 1915). The organism has also been nam^ Fonaeccea com- 
padum or F, pedrosi. The fungus can be cultured on ordinary media, and forms 
a blackish growth in stab cultures on ascitic agar or serum media. Chlamydospores 
8-15 {X in diameter, as well as conidia, are produced and sometimes aerial hyphae.' 
The organisms are akin to the saprophytic moulds common on vegetation. 

The foot and ankles — usually of males engaged in agriculture — are covered 
with warty outgrowths resembling barnacles, wUch are vascular and sometimes 
painful. They are usually papillomatous, but oocasionaUy pedunculated. The 
sole of the foot usually escapes. It is claimed that the disease can be inoculated 
into the nose of rabbits producing a verrucoid mass. 

The diagnosis is established by demonstration in sections of a tuberculoid 
type of reaction with rounded brown bodies resembling yeast cells (Simpson, 
Harington and Bametson, 1943). The best Ueatment is actual cautery. 

II. Ciocddioidomycosis. — Cutaneous patches, of various dimensions, of 
small warty exorescences with minute abscesses or encrusted ulcers, especially at 
the periphery of the patch. 

O^cidicudal granuloma, or Posada*s Disease (Rexford and GUchrist, 1894) was 
first discovered in Buenos Aires by Wernicke in 1892. It has l^n found 
especially in Brazilians, in whom it causes extensive ulceration. The pus from 
the lesions is easily inoculated into animals, especially guinea-pigs, in which it 
causes. a virulent infection. Up to 1935, 400 oases had been reported, usually 
in Upper Califbmia, and it has also been seen in oxen, but in them produces 
no sjrmptoms. It has also been found in rodents, dogs and sheep, in Arizona, 
Texas, Old and New Mexico. Inf^tion is probably caused by inhalation of the 
spores, and Uue skin lesioiis originate round the site of soratohel and other lesions. 

Another form, “ valfoy fever ” or desert fever ’* of the San Joaquin Valley, 
resemblhig erythema nodosum with pulmonary involvement and easmophilia, is 
probably a generalised infection from inhalation of chlamydospores. The affected 
skfopafehes may remain pigmented. The disease usually prints an infiuenza-like 
initial phase. Arthritfe and . phly<^miular oonjunctivitia have been noted. 
Sm^vlty is estabbshed within fourteen days and an intradermal test with 

oooddioldin ** is now employed. An efudemio in San Benito County has been 
reported by Davis and Smith, and it bat hem shown that 80 pm omU of persons 
who have lived in the S. Joaquin Valley for over ten years are sraidtive, and 
ako Indian iddSdsen in the reservation. 

Ibe organism is Ooeddioidea immUk, The cells occur either isolated or in 

40 
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giant cells. They are spherical and thick-walled, with a diameter of 2-80 [l. 
The organism reproduces by endospore formation ; budding is absent. The wall 
of the ascus often shows radiate formation. On all the usual media the colonies 
are flat and greyish, becoming white to light cream, with aerial hyphse, which in 
microscopical appearance are septate, branching, hyphal swellings ; arthrospores 
measure 2*5-7 jx in diameter ; chlarnydospores are abundant, 6-8 y, in diameter. 
Studies in metobolism of C. show that the organism is resistant to 

desiccation, but the chlamydoepore develops under conditions of drying, and it 
is impossible to infect animals in the absence of this spore. This resistance to 
dr 3 dng is an important factor in dissemination of the organism in California. C, 
immitis has been isolate flnom the desert soil by Stewart, Meyer, Emmons and 
Ashbum. Pochet mice (gophers) and kangaroo rats form a natural reservoir of 
the disease. 

The cutaneous type of blastomycosis also includes the following conditions : 
North American Blastomycosis or Gilchrist’s Disease (1894) {Zymonema 
dermalitidis), — An infectious granuloma, acute or chronic, with cutaneous or 
systemic lesions — papulo-ulcerative, verrucous, or papillomatous, or gummatous, 
showing tyjHcal violet colour. The organism has simple or budding yeast- like 
cells, thicL walled, 5-20 (x in diameter ; the colonies on culture are yeast-like. 
Hyphee are septate and branching, 2-4 jx in diameter ; conidia are pyriform or 
round, 5 p. in diameter. 

European Blastomycosis {Cryptococcus hominis) is clinically similar to 
Gilchrist’s disease, but ulceration is common in the cutaneous form, with abscesses, 
and it quite commonly invades the cerebro-spinal system. The organism has 
thick-w^ed, heavily-encapsuled, simple or budding cells, 5-10 p in diameter. 
Colonies on culture are “ yeasty,” smooth, mucoid or moist, and spherical or 
ovoid with budding encapsulated cells approximately 2-6 p in diameter. 

South American Blastomycosis, or Splendore de Almeida Disease (Lutz, 
1908) {Paracoccidioides brasiliensis)^ is generalized or localized, cutaneous or 
systemic, the lesions being granulomatous, papular, verrucous or ulcerative. 
It spreads by the l 3 rmphatics. The cells are spherical or ovoid, 1-30 p in 
diameter, rarely larger, with thick walls. 

III. Linj^lia nigra. — A form occurs on the tongue, leading to hypertrophy of 
the filiform paf^se, and causing a condition known as linyua nigra. The organism 
is known as tl^ Cryptococcus lingucepilosce ; it has a double contour, is com{)osed 
of oval yeast>like cells and myoelia elements, and can be cultivated on maltose- 
agar. Wilkinaon (1940) and others claim that lingua nigra can be cured by 
niootinic add. 

IV. Pulmonary Blaatomyco8l8«--Crypioc^tts caps^us, allied to c, 
fardminosus of the horse, has b^n demonstrated in the epithelial cells of the 
lung by Darling, who named it Histojdasma eapsulaium. The disease it produces 
in many respects resembles kala-azar, and is aocompfnied by splenomegaly, 
ansBOiia, irregular pyrexia, and leucopenia (see p. 863). 

Nifio in Ai^ienti^ has described, as Cryptoeoeeus pysekfopkiflkMS^ an organism 
which caused a generalized infection miginating from an ulcerated condition of 
the fkce. The organism grew best at 22-25'’ 0., but was arrested at SI'’ C. 
Guinea^pige, white mice, and rats were susceptible to inooulatlan. 

V. SfNirofridlOglo. — ^This has been reported from Southern France, 

Southem ,Sonth America, mid South Africa, where it is oommtm 

theminanofWItwatersrand. It pitxiocesgumma-lilui»iwdlingsinfinibiort^ 
whidh mikrge and ultimatdy break down, leaving deep ukem, due to otgankmiSt 
BponirMmm (MkinadaJdwn) beurmanmi, or 8. seheneiMp whioli uaually eidit 
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saprophytioally, and gain entrance to the body through an abrasion of the skin 
or oesophagus. Occasionally they may be demonstrated in the blood; the 
lymphatics, eye, oral cavity, periosteum, muscles, or viscera may become involved. 
In the discharges and tissues the parasites are scanty, so that the mycotic nature 
of the disease can only be made out from cultures, i^nham and Kesten isolated 
the organism from linear nodules in the arm, and reproduced the lymphatic type 
of infection in a monkey. Inoculation of white rats produced typical orchitis. 
In man infection may be caused by a thorn prick or other injury. 

Pijper and Pullinger (1927) recorded 14 cases in native miners on the South 
African Rand. They distinguished a primary sore in the form of a localized 
ulceration on a finger, or the shin. Ten of the fourteen cases had the lesions 
confined to one arm ; the others were on the shin, with lesions extending up as 
high as the buttock. Incision of the nodules in the paths of the lymphatics 
produced pus or serous fluid. 

Sporoirichum beurmanni can be isolated from the tissues by aspiration and 
insemination on to Sabouraud's medium. The parasite occurs in wild rats in 
Argentina and Brazil, while a similar disease, apt to be mistaken for epizodtic 
lymphangitis, occiirs in horses and" mules in Mad^ascar (Carougeau). 

It appears to be a common parasite in nature, and recently (1933) Benham 
and Kesten have transmitted the human parasite to carnations, in which it 
produces a bud rot ’’ similar to that caused by a natural parasite, 8. pace. 

The parasitic elements are very scanty in the pus, and in mycelial elements 
are seen either in sections or in cultures. Individual cigar-shaped yeast-like 
parasitic elements are often found engulfed by phagocytes. 

Hemisporosis {Hemispora sUUata) is a disease like sporotrichosis reported 
from Italy, and is characterized by granulomatous growths resembling syphilis 
or tul)erculosiB. Occasionally iKjnes are -affected. 

VI. Torulosis . — This gives rise to grave lesions of the pulmonary and 
nervous systems, and IocaI tumours of a peculiar consistency containing round 
i^ells surrounded by a gelatinous substance secreted by the organism. It is 
found especially in California. The parasite, which has been especially studied 
by Kessel, is known as Tondopns hisUdytica (Stoddard and Chitler, 1916), 
synonym, Crypiococetui KiMolyticua, The yeast-like cells are usually found in 
the oerebro-spinal fluid. Experimental infections are easily produced in rats 
and mice by intraperitoneal injection, generalized lesions being found in lungs, 
liver, spleen, kidneys and brain. Kessel and Holtzwart found 46 cases reported ; 
most have involved the central nervous system and four have exhibited general 
infection. In four other oases infection was localized to the muscles of the 
vertebral column, to pelvic and inguinal abscesses, or to the tongue or naso- 
pharynx. In one case from Los Angeles lesions were confined to the knee. 
This disease appears to be incurable. The diagnosis is usually made by oerebro- 
spinal puncture. The protein content and globulins are raised, as in other forms 
of meningitis ; the sugar content is lowered and chlorides reduced. 

jT. hittclytica is a primitive form of yeast cell ; it multiplies by gemmation, 
does not p^uoe endospores or mycelium, and can be cultured in glucose broth 
or on Sabouraud's me^um. The colonies are glistening white, and show no 
myoeha p^ietrating into the substratiun, as is ^araoteristic of Monilia. The 
individual cells multiply by gemmation, no hyphss being observed. The cells 
exhibit characteristic capsules. No asoi are formed. 

The sugar reactions are typical : no acid or is produced in arabinose, 
dextrose, galimtose, inulin, maltose, mannitol, rafiflnose, sucrose, limtose or 
dextrin. The reaorion in milk is alkaUne. When it is inoculated intraperitoneally 
into rats and mice, the animals die in eight to twenty-eight days, and the 
organisms can be recovered from the tissues. Monkeys inoculated intraoardially 



612 MYCETOMA AND BLASTOMYCOSIS 

develop small nodaks on the face, eyelids and eara, oataneoos kidons containing 
the organism. In some monkeys, however, a general tomlosis of the brain and 
spinal cord develops. 

Dia^osis. — ^Usually the lesions of blastomyoosis in the first instance 
suggest syphilis or tuberculosis. Specific treatment and absence of reaction 
to tuberculin and of the tubercle Willus should lead to a careful search for 
yeast-like oi^anisms in the dischai^ or scrapings. Widal smd Abrami 
found that the serum of sporotrichosis will agglutinate cultures of the 
specific organisms ; while Malvoy and Ricketts have demonstrated a 
complement-fixation test in blastomycosis, using an old culture as an 
antigen. Martin (1985), especially, employed this method in diagnosis. 
The antigen was a suspension in salt solution of the organisms grown at 
37® C. on beef-infusion, at pH 7-4, on blood-agar slants. The patient’s 
serum was inactivated at 56° C. for fifteen minutes, and the test was 
carried out as for the Waasermann. 

Treatment.— All forms of blastomycosis are exceedingly chronic and 
resistant to treatment. Surgical measures are useless, but large doses of the 
iodide of potassium or of sodium (20-30 gr. three times a day, well diluted) 
are sometimes efifective, and should always be tried and, if found beneficial, 
continued until cure is well establisljed. In sporotrichosis the tumours can 
be punctured and injected with potassium iodide, 1 in 100, while treatment 
must be continued for some time after apparent cure. X-rays are at 
times a useful adjunct. Coccidioide$ immiiis is said to be amenable to 
sulphonamide therapy. 



S^on V.-DISEASES OF THE CENTRAL 
NERVOUS SYSTEM 


CHAPTEB XXXW 

NEURASTHENIA IN THE TROPICS 

PsYCHONBUROSBS play a considerable part in adding to the burdens of 
life, and are the cause of a proportion of invaliding among European 
officials and business men from the tropics ; more especially from West 
Africa. As a cause of disability, neurasthenia or anxiety psychoneurosis, 
or whatever term may be applied t.o this real and distressing condition, 
has superseded tropical diseases. Therefore, from the point of view of 
Colonial Administration, neurasthenia is of greater importance than the 
majority of the tropical diseases with which this book deals. There is 
nothing peculiar to tropical neurasthenia which differentiates it from 
similar anxiety neuroses in temperate climates. 

When it is considered that, in the figures quoted by Squires, no less than 
45 per cent, of 868 invalidings of Europeans from the tropics were for 
psychological reasons, there is obviously some feature in life under tropical 
conditions which pre-disposes towards this state. Fully developed and 
frank neurasthenia, as seen in its most characteristic form, is more apt to 
develop in a neurotically-disposed individual than in one of a complacent 
and unemotional mental make-up, and it is not always possible to gauge 
with accuracy those individuals in whom tropical neurasthenia will 
eventually develop. Culpin pointed out that certain persons go to the 
tropics as a flight from the strain of social life at home. 

Jn an analysis of neurasthenia in West Africa Rowland Hill (1943) 
found that patients with long-standing conditions of nervous instability 
were made worse by tropical Ufe, but in nearly all there was evidence that 
the neurasthenic tendency had been exaggerated by disease acquired in 
the tropics. 

The if^neiuie of tropical infections (p. 16).— Tropical infections, especially 
the enervating, debilitating, and irritating recurrent relapses of malai^, are 
predispoeing factors. The recurrent headaches and fevers Encourage patients 
to refer senaatkins to the cranium, so that they complain of neurasthenic headache, 
lack concentration, loss of memory (West Coast Memory), and general dis- 
interestedness in life. Intestinal infections, such as amoebic or bacillary dysentery, 
may promote concentraticm of thought on the intestinal tract. The patient's 
attention becomes rivetted on. Us digestive system, with the result that intro- 
spective pqrcfactienrosis develops. & this respect tropical infections do un- 
doubtedly to ** Epical neurasthenia.” But there are other aspects 

of life in tM tropios which engender introspection. The heat, insect life, the 
inoximity to natives who cause annoyance and whose ways and psytdudogy 
the Siumean oannot umferstand, the dull monotony, the ever-recurring twelve 
hours of 4tyHght iltsmAting with twelve hours of jj^tcl^ ni|^, and the i^undai^ 
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and vexatious insect life ; all act as stimuli which goad to the neurasthenic 
state. The dulling of the appetite engendered by heat, the unpalatable and un- 
suitable food, the greasy cooing, the abundance of starchy matter, the monotony 
of tinned foo^tuffs, together wiUi the comparative absence of essential vitamins, 
all tend to ujiset the digestive apparatus and to depress the higher psychical 
centres. 

Fear of disease and hypochondriasis are sources of neurasthenia in previously 
healthy and weU-balanc^ people who, after serving in the tropics for long 
periods, have suffered a good deal of illness without much deterioration, but 
with loss of confidence in their ability to stand tropical life. All those who have 
a tendency to anxiety neurosis are made worse by exposure to heat. 

Skep. — Insomnia, which appears to be the outward manifestation of physical 
exhaustion and which nearly always appears towards the end of the tour in tropical 
Ainca, is usually the first manifestation of the neurasthenic 8taU% and impera- 
tively indicates invaliding to a temperate climate. 

Sexwtl factors . — Other factors will occur to anyone who has lived in isolation 
under tropical conditions. There is the sex factor, which may be potent ; there 
is the social isolation which operates in out-stations ; in others it is excess of 
alcohol, late hours, or living an unaccustomed life attended by native servants — 
all these may upset the mental equilibrium. Then there is, too, the constant 
restraint and watchfulness required to avoid offending against local prejudices, 
and having to live with others who are also in a state of constant exasperation. 

Work and exercise . — ^Probably hard mental and physical work, in moderation, 
act as a bar rather than as a predisposing factor in the development of neuras- 
thenia. Mental occupation tends to divert the mind firom self-interest. On the 
other hand, mental pressure or undue stress appears to be less easily tolerated 
in the tropics than at home. Neurasthenia is not a special affliction of Europeans, 
for it is firequently observed amongst the educated native offleials in West Africa, 
Malaya and India, though the proportion is by no means so great as in Europeans. 

Neurasthenia in women . — It is difflcult to state the sex incidence of 
neurasthenics ; probably women, with their more highly developed emotional 
centres, are more apt to develop it, granted equal opportunities, than men. 

A tropica] climate usually produces certain psychological effects in women. 
Those who become neurasthenic suffer from pelvic pain and discomfort, menorr- 
hagia and toxsemia. Constipation, by favouring pelvic congestion and inflamma- 
tion, and uterine disiflaoements, have also to be considered. 

The effect of the tropical climate on the newly-arrived European woman is at 
first distinctly exhilarating. The appetite is increased and the heat does not 
oppress her at first as it does in succeeding years, and she has a feeling of well- 
behig. Menstitiation flequently stops for a season. The sense of well-being 
may be so real that risks are tal^ wMch more experienced residents avoid, such 
as eating unsuitable food. The long hours that European women spend in 
shaded houses during the heat of the day engender a feeling of lethargy, due to 
extra work thrown on the liver, and want of exercise. 

Childbirth in European women in the tropics is apt to be more difflcult and 
laborious than in temperate chmates, due very probably to the conditions of 
life ; but even among native women between 90 and 40 per cent, of deaths are 
dire^y dr indirectly oonnecled with parturition. Native women, ae a rule, give 
birth extraordinary esse, and only whm th^ have departed from a natural 

mode of laffl, and are Ih^ in seohiskm. Is parturition difflcult. 

The effect of tropical amdUioms, — ^Tropicsl life may have a dJatorbing effect on 
the mentality of even the most hesltiy and balaa^ individoaL a yaes 
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or more of oonstant exposure to heat and humidity, the hours of sleep become 
disturbed, and the nervous system more sensitive to external stimuli. Insomnia 
may be precipitated by certain electrical conditions of the atmosphere, at present 
little understood, skin conditions, especially prickly heat, and possibly a hyper> 
glyeaemia which Dutch investigators in Java ascribe to the climate. Otherwise 
healthy adults often appear “ nervy ” and “ excitable,” showing exaggerated 
reflexes and nervous twitchings of the face and limbs, with increased reflexes, 
directly they return to a temperate climate. In the minor states of disturbance 
the fears and stresses disappear the moment cool headwinds are encountered, 
and peaceful and refreshing sleep is enjoyed once more. But transference to his 
home climate does not immediately relieve a fully -developed neurasthenic of his 
fears ; on the contrary, the hum and bustle around him act as further stimuli. 

The effect of quinine, — In. certain individuals the constant absorption of 
prophylactic quinine has a depressing effect. It may be a direct mental 
depressant ; on the other hand, it may act indirectly by causing indigestion and 
abdominal discomfort. This subject has been discussed on p. 115, and it is open 
to question whether more harm, in the neurasthenic sense, is not done to some 
people by constant quinine, than is counterbalanced by such protection as the 
practice affords. 

S3rniptoms. — The very appearance of the individual betrays his mental state. 
He (or she) is emotional to a degree, so that any sympathetic reference to health 
may provoke a flood of tears. There are others in whom the most profound 
depression reigns, and who may display suicidal tendencies ; these are usually 
associated with intractable insomnia. 

The imtient usually complains of a headache confined to the temporal or 
fiarietal p(»rtion of the cranium. There is a sense of increased intracranial 
pressure. Others experience a sinking feeling in the alxiomen, or indefinite 
alKlominal pain, or flatulent dyspepsia. There is usually a mild tachycardia, or 
rather vasomotor instability, with a fall in blood-pressure and a diastolic pressure 
l>olow 80. The reflexes are usually exaggerated, and there may be a false ankle- 
clonus with hyperidroeis of the palms of the hands and of the feet. 

It has been suggested that the main symptoms are to be ascribed to hyperthy- 
roidism, but the Editor has been unable to find any evidence for this hypothesis. 
With this degree of nervous instability it is not surprising to find divergence of 
the pupils on accommodation (Moebius' sign) which by •some is considered to 
indicate hyperthyroidism. 

Treatment. — The main principle in treatment is to remove the patient 
from his immediate surroundings to a temperate climate with congenial com- 
]ianions. Usually, on arriving in a cool climate, natural sleep sets in and fears 
and anxieties disappear. The neurasthenic state may be t^emporary. On the 
other hand, the emotional and depressive states should be treal^ seriously and 
efforts should be made to discover some underlying infection. The Editor has 
on several oooasions seen profound neurasthenic symptoms disappear after 
treatment of an underlying unsuspected malaria. If alcohol has been taken in 
excessive amount, it must he cut down, or prohibited altogether. Efforts should 
be made to divert the patient's attention from himself. Hobbies of all kinds 
should be encouraged and there is probably no occupation more restful and 
curative than fishing in Scotland or Inland. 

For insomnia, mild hypnotics should be prescribed, such as allonal, luminal* 
or medinal. Simp may be induced by a hot bath or a cup of Ovaltine. As a 
general sedative a mixture of the following type may be prescribed, to be taken 
three times didly : 
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Ammon, brom gr.x (0*648 grm.) 

Spirit, ammon. aromat. . . ^xv (0*888 o.o.) 

Syrup, anrant 3^ (3*56 o.c.) 

Aq. mentb. pip. ad . . Jss (14*21 c.o.) 

3^8 three times a day after meals. 

Prophylaxis. — As the main treatment of neurasthenia entails removal 
from immediate surroundings, its prevention is difficult. Once marked neuras- 
thenia has developed in a European in the tropics, he should be invalided to a 
temperate ohmate and his return becomes a matter for anxious consideration. 
There are oases in which the patient quickly regains, his mental equilibrium ; 
but should the mental depression continue, in spite of the simple methods 
recommended, then permanent invaliding should be considered. The Editor 
is of opinion that a patient with well-marked tropical neurasthenia should never 
be permitted to return, otherwise the old s 3 rmptoms will reassert themselves 
directly he arrives in his old haunts, so that after a few months be will be sent 
home again. 



CHiCPTEB XXXV 

ENCEPHALITIS JAPONICA 

S3moiiym. Japanese Typ.e B encephalitis. 

Encephalitis japonica is, strictly speaking, an epidemic encephalomyelitis 
involving the brain and spinal cord, and is to be distinguished from 
epidemic encephalitis (encephalitis lethargica) by the absence of eye lesions 
and other features to be detailed later. 

Epidemiology and geograpliicai distribution. —Encephalitis 
japonica, as its name implies, is well known in Japan, where it apparently has 
occurred in epidemic waves since 1871. In 1933 it was found in different portions 
of North America (St. Louis ; Toledo ; Kansas City ; Paris, III. ; and St. Joseph, 
Mo.). In 1938 it was recc^pused by Pette as occurring in Germany and by 
Silbermann in Vienna. In 1928 Kaneko and Aoki made an intimate study of 
the disease and were able to differentiate it from encephalitis lethargica and 
to determine its identity with EncephalUis B, In 1924 a very severe epidemic 
occurred in Japan during a very hot and dry summer season, when 7,000 cases 
were recorded, with a mortality of yearly 00 per cent. This disease spreads 
rapidly, in a manner more nearly resembling poliomyelitis, more commonly and 
more severely attacking those over fifty years of age, in contrast to the 
relatively mild disease it produces in young people. 

During recent years it hM also appeared in China, and in the summer of 1938 
there was an epidemic in Peking. Most of the oases occurred in children. 

AEtiology. — Knowledge of the virus of epidemic encephalo-myelitis comes 
from Kobayashi, Takaki, Nishibe and HayasU. Credit is due especially to the 
latter for 1^ important researches on its transference to monkeys, in which it 
produces the same histopathological lesions as in man. In America, however, 
white mice have been found more susceptible than monkeys. Webster and 
Fite demonstrated that the virus, which is active in the blood and in the central 
nervous system in the early stages, can be inactivated by convalescent serum. 

The transference of the virus firom man to man has not been ascertained with 
certainty, but it has been suggested in China that it is transmitted by mosquitoes, 
mainly because it is most prevalent during the warmer months when those 
insects abound. There is idso an analogy with equine enoephalo<myelitis, which 
has been obs^ved in horses as well as in man and which is transmitted in this 
way. Perdrau, by using hyperimmiine sera, was able to demonstrate antigenic 
rclations^p between the vim of encephalitis japonica and that of St. I^uis. 
The dimenidCMis of the virus particles are estimated as between 20 and 30 mjjL. 

S]rniptoinatolagy« — ^Ibe prodromal symptoms commonly encountered are 
headachei ditziness, sluggishness, and vomiting. These are foUowed by psychical 
disturbanoes, very often by delusions, but in very severe oases coma ensues, 
ending in dei^. The psychical signs and symptoms may be entirely absmit in 
the mild oaseSf mid (In contrast with encephalitis lethargica) meningeal symptoms 
may predoodnate. Disturbmices of the motor system are characteristic : there 
are dooic cbntraotkms of the muscles which may end in actual ccmvukions. 
Fine tremoit of individnal groups of muscles alternate with attacks of shivering 
and athet^ nmements. The whole muscular tone is increased in the extremities 
and in t^ nook and laoe, especially the masseter muscles, which results in an 
anxioiii ox|x^on» imd ends in trinnus making mastication in^xMsible. In 
very advmeed cases, encephalo-myelitis causes paralysis of the spinal omd, 
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but, in direct contrast to encephalitis lethargioa, eye symptoms are absent ; nor 
is post-encephalitic Parkinsonianism ever observed, though bulbar symptoms, 
resulting in failure of speech and difficulty in swallowing, are quite common 
and, in addition, defects in co-ordination and sometimes even cerebellar dis- 
turbances. Anomalies of superficial and deep tendon reflexes are usually present, 
especially in spastic cases. Salivation and excessive sweating are absent. 

The foregoing description covers only the main features, however ; actually 
the clinical picture is a many-sided one. There is also another aspect to this 
disease in that, though the neurological side dominates the picture, there is a 
secondary affection of the hsemopoietic organs, resulting in a secondary amemia, 
which appears to indicate a generalized infection, rather than a local aflection of 
the cental nervous system. As a rule, the temperature chart is not characteristic, 
and the course is afebrile. There are cases, however, in which fever is noted for 
five to ten days, and these are followed by sequela, such as profound neurasthenia. 
The fulminating cases, which are fatal in twenty-four to forty-eight hours, are 
generaUy pyrexial. It is to be noted that there are no pupillary or eye sy mptoms, 
and there is no special aflection of the bladder or bowels. Usually there is 
retention at first, followed by incontinence. 

Diagnosis. — ^The main points in differentiation from encephalitis lethargica 
have been noted. The cerebro-spinal fluid shows all grades of inflammatory 
disturbance. Kaneko and Aoki have shown that there is an increase of the 
albumin omitent from 9 to 350 mgm. per ^nt. Differential diagnosis has to bo 
made from lymphocytic choriomeningitis. 

Pathology. — Epidemic enoephalo- myelitis is characterized by diffuse lesions 
in the brain and spinal cord : these take the form of small white knob-like 
aggregations of cells, composed of microglia intermingled with lymphocytes 
and leucocytes. Here and there ganglia cells are also found acutely damaged. 

Treatment. — ^No specific treatment is at present known. 

Tick -BORNE Encephalitis 

A somewhat similar, widespread and fatal form of encephalitis has been 
described and investigated by Pawlowky and his Russian colleagues in Mongolia 
and Far Eastmi territories in the scrubby wastes (Taiga country). This disease 
has distinct seasonal incidence, and 80 per cent, of cases occur in May and June. 

Etiology. — ^This form of encephalitis has been shown to be due to a filterable 
vims transmitted by the bite of a tick {Ixodes persukahts), in which the virus 
persists, as it is found infective in wild dktiicts uninhabited by man. The virus 
has been isolated fn>m the brains of various species of wild animals indigenous 
to the oonnUy ; these therefore constitute a reservmr of infection. S^isonai 
incidence of the disease during May and June corresponds with maximitm 
prevalence of Ixodes persukatus. The infection transmitted by bite of ihe tick 
is hereditary and therefme larvae and nymphs i^re also infective. 

Syaqytamatology. — ^This form of enc^pbahtis has an abrupt onset mid runs a 
sevm course with ste^ rise of temperature, seveie headache, and vomiting. 
Symptoms of mmiingeid involvement are followed hy signs of focal tesfons m 
the oen^ nervous system, paietis and paralysis of upper or lower limbs or 
muscles of the neck or back. Parkuisonism never occurs. The cmse mcirtidity is 
about 30 per cent. 



CHAPTER XXXVI 

lAtah, running Amok and koro 

0 

Latah, a word Bignifying “ nervous ” or “ ticklish,” is not uncommon in 
the natives of the Malay Peninsula, Java, and the neighbouring islands. 
It occurs more frequently in women, especially young women, than in men ; 
children are seldom affected ; it rarely appears before puberty and is 
(^spwially common at the menopause. 

A somewhat similar affliction is described among the Ainu people, usually in 
women, and is known as imu. This manifests as psycho-motor attacks pre- 
cipitated by some emotional shock. If a sufferer is startled, she may continue 
to echo everything that is said to her. 

L&tah persists for years. The main characteristics of this state are the 
same, though there is considerable variety in the intensity of the symptoms. 
The condition is incurable, shows no tendency to become worse, and does 
not terminate in insanity. 

As the Malays say, an (^ang Idtah never becomes an arang gUa (Amok). The 
subjects of ** ]&tah at first appear to differ in no w^ay fix>m their neighbours 
and relations, but on some sudden and striking impression, such as a loud sound, 
or in response to some overt suggestion by word or deed, they pass into a peculiar 
mental state in which they involuntarily utter certain sounds and execute certain 
movements. In other instances they will imitate words or movements, or yield 
to suggestions from others. During this hypnotic-like state, which may last for 
a few minutes or longer, the victim is at the mercy of his prompter and wdl 
unerringly follow any lead indicated. Although the manifestations of high 
degrees of l&tah may be followed by exhaustion, or even by swooning, as a rule 
nothing of the kind occurs. The infirmity is usually discovered by accident. 
iSwettenham, for instance, used to relate that it'w'as only necessary for anyone 
to attract the attention of these men by the simplest means, such as holding up 
a finger, or calling them by name in a pointed way, touching them, or looking 
them steadfastly in the face, in order to make them lose control of themselves 
and be willing to execute whatever was suggested by a sign. On one occasion, 
one of them, on being told that a roll of matting was his wrife, embraced it with 
every sign of affection ; but when the other Iktah subject, a policeman, was 
convinc^ that the same roll was his wife likewise, he too embraced it, and the 
two men fell to the ground struggling for the possession of the '' lady.*' 

lAtah folk are favourite subjects for the practical joker, and in a few instances 
they very much object to being made a show of, and may become dangerous. 
lAtah seems to be akin to certain emotional stresses which are common in all 
barbarous and semi>civilused countries. 

Abraham has seen the afflicted, if suddenly startled, fall down and imitate the 
gestures of anyone in sight ; for instance, an old lady startled by a bicycle bell, 
will instantly uMtate the pedalling of the cyclist till exhausted. 

Unless unforeseen aodilentB occur, I4tah is not fatal. Gimlette and others 
have called attrition to the medico-legal aspects of the diseas:). Fortunately, 
examples in which Utah has been shown to play a part in crime are rare. 
Temperamentally, idl the Malay races are very highly strung and nervous, 
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aithoagh externally impassive, and there appears to be an hereditary tendency 
to the litah state in every MaJay. 

Y(mng-dah-hU is a state closely related to Utah. Mongolian races are pre- 
disposed. Hmdity does not seem to play any part. It differs from Utah in 
that the patient continuously remains in the imitative condition and is alwa3ni 
liable to reactions. 

Nai-win-dt is a rdigions dance with dos^ eyes and swinging movements. 
It is started by professionals and taken up by others. 

There appears to be a somewhat dmilar affection amongst the Samoyedes 
which is ^own as Ikota,” and it is believed that the curious epidemics of 
rehgiouB ecstasy, which swept over Europe during the Middle Agee, wen» of 
similar origin. 

Banga is a hysterical affliction in Congo women at puberty. The subject is 
convulsed and rushes about uttering wild cries. 

** Amok ” (or ninning hinok) is a term used somewhat loosely for a 
condition which, in the ^lly developed fonn, drives its victims to blind 
fury and to kill without reason. 

Usually the “ &niok ** runner (or hmoker) has a grievance upon which he 
allows himel! to brood, and after a period of sullenness decides to kill the 
suspected person and at the same time to destroy as many other i>eopIe as 
possible. He therefore arms himself, runs “ &mok,” and buries his fcrw, 
when out to slay, in friend and foe alike, with the expectation of being killed 
in tom. 

In other cases there may be premonitory signs in which a person mutters and 
has delusions. Quite suddenly he will run ** &mok and a^r^the attack may 
hid] into a deep slumber and become comatose. The liability to kmok ** 
attacks b greatest in the Mabys and tlmir drugs, such as Indian hemp {Cannabis 
indica), axe known to be potent predisposing causes of the attack. Van Loon 
found that in Java '' imok "" runners are o^n suffering from some infectious 
disease, and that the symptoms are hallucinations and confusion ; such patients 
axe impelled to flight and attack as reactions to imaginary dangers and the agony 
and terror caused thereby. 

** Koro occurs amongst the Macassars and the Buginese in Celebes, and b 
abo well known among the Chinese as Shook Jong^ origii^y described by Bkmk 
in 1895. The term si^^es ** shrivelling,** and a idling ooouri atregular intervab 
of the penb retracting into the abdomen ; if help b not forthoomi^ the patient 
dies. In hb anxiety, the patbnt grasps the penis, and if unable to do so, obtains 
sasbtance from others. It may be days More the attack subsides, and the 
sufferer osnnot bear to be Mt alone. If hdp be not to hand, be wlU actual^r 
tb the penb to bb bg with ^ring, anchor it by means of a pin, or may even 
emi^by a doulfle-bladed obsping instrummit known as U teng hok^ whidh b used 
by jewellers. By the native ifab tendency b legsided as tiie Yin ** principle, 
representing the female power, dondmiting tiie **Yeag** prino^, wUeb 
fepreseiits the msle efemcnt. lu mdor titai a ** Yin ’* dbeiuie may be eaied, a 
** Yang *’ medfeitie must be employed. The suffems are genemBv oeufotfos, 
and the anxiety axbes Old of seximlixHtflicts. Various pstMdgioal eon^^ 
iudi SI cedmim of the lower abdcmien, hernia, hydrocele sod ebj^antissb of the 
•csntiim, ximy evclm fesr of an atl^^ An aaslagous state, charaot^^ 
dlmfeutfoo Cl the genilil lahb and shrinlu^ie of the biiasts, to 1^^ 

In^ 



Section VI.-TROPICAL VENEREAL DISEASES 


CHAPTER XXXVII 

LYMPHOGRANULOMA VENEREUM 

S3nioiiym8« Climatic bubo ; L 3 rmphopathia venereum ; Esthiom^ne ; 
Lymphogranuloma ingumale ; In^inal poradenitis ; Poradenolymphitis ; 
Nicholas-Pavre disease (French). 

Definition, — A iype of adenitis pf venereal origin, of which the primary 
lesion occurs on the prepuce or male genitalia. The infection— a filterable 
virus — causes inflammation and, sub^uently suppuration of the inguinal 
glands. This suppurative state is usually attended by pyrexia and general 
constitutional disturbance. The bubonic stage occurs* in the male, and 
some think that a general lymphoedema with ulceration, known as esthio- 
rntee, represents the analogue in the female. Most authorities also con- 
sider that the genito-ano-rectal syndrome and inflammatory stricture of the 
rectum are due to the same cause. 

Epidemiolo^ and geographlcai distribution. — Scheube ori^nally 
applied the term “ climatic bubo ” to a type of adenitis tenniuating in 
suppuration, not imcommon in tropical countries. AMiether it is becoming 
increasingly frequent, or whether because attention has been drawn to its 
peculiar nature in recent years is a moot point, but recently lympho- 
granuloma ” has emerged from the obscure recesses of textbooks on tropical 
medicine into the full limelight of general medicine, so as to merit the title 
of the “ SiMi Venereal Disease,'* which has been bestowed upon it by 
Stannus. 

In tropical practice it is especiaUy prevalent amongst the European 
crews of warships visiting the coasts of East and West Africa, and is 
almost equally common in seafaring people (lascars, stewards, and British 
sailors) throu^out the whole of India, China, Malaya, Japan, the Mediter- 
ranean, West Indies, and South America. 

In 1918, Durand, Nicolas, and Favre described it in France, and possibly 
the condition long known as the “ strumous bubo ” is the same. 

lu 1988 Stannus and Findlay described an indigenous cafee in England. 
Since then the Editor has seen several, and more recently Anwyl Davies 
discovered three more. Now numerous reports of its occurrence in Italy, 
Rumania, and in fact the whole of Europe, are to hand. In the Unit^ 
States, this disease in aU its phases has been discover^, chiefly in negroes. 
At certain times and places it appears almost to be epidemic. There seems 
to be no doubt, that, in almost every instance, infection is acquired by 
sexual intercourse. 

i®tialogy.--Hellerstr6m md Wassto (1980) originally transmitted the 
virus obtained the pus of inguinal buboes to monkey, intracerebral 
nuiculation producing meningo*^oepbditis. The virus, which is apparentiy 
coutiuned in the lenooc^es, consists of minute partioles which can be easily 
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seen, and were figured by Findlay (1989). They can be stained by 
Victoria blue, Giemsa or Castenfida’s method ; with Giemsa, the larger 
bodies take on a bluish-purple tint, while with Castaneda’s stain they are 
reddish-purple. Larger and smaller forms of the virus particles can be 
demonstrated outside the cells, lying close to cell d6bri8, in compact 
colony-like masses. WTien they are within cells the elementary bodies 
may be found in the cytoplasm of either mononuclear or polymorphonu- 
clear leucocytes. Occasionally, these groups may attain considerable 
size, forming cyst-like spaces ; later, the cyst- wall may rupture. The 
larger forms have been observed in considerable numbers, chiefly within 
twenty-four hours of intracerebral inoculation. There therefore appears to 
be a development cycle of the virus which is complete in forty-eight hours. 
The virus particles, or granules, were first described in^cells from inguinal 
buboes by Gay and Prieto in 1927, and similar bodies were found by 
Findlay in 1938. ^Miyagawa (1988) finally concluded that they represented 
the virus and gave their measurements as 0*125-0*175 ix, while Findlay, 
Mackenzie and MacCallum thought that they resemble similar bodies 
found in psittacosis by Bt*dson and Bland in 1982. 

Intraglandular injection of goinea-pigg with the vims produces an inguinal 
bubo in almost every case, so that this method may be employed for diagnosis. 
The most reliable method at present is Findlay's intracerebral inoculation of 
white mice, which produces encephalitis. Miyagawa found that a chipmunk, 
Tamias asiaticus, is highly susceptible to intratestioular and intracerebral in- 
oculation. The virus can also be cultivated on chick ohorio-allantoio membrane 
in tissue culture. Ravaut, Levaditi, Lambling, and Cachera devised a method 
of isolating the virus from ulcerative |woctitis by inserting a portion of tissue 
under the skin of a guinea-pig. After a few days, the inguinal gland is excised, 
emulsified and injected intracerebrally into a monkey. In inoculated mice a 
characteristic train of symptoms is evolved in five to seventy days, in which 
weakness, parens, opisthotonos and convulsions occur. The concentration of 
the vims in the injected mouse brain is not great, so that dilutions greater than 
1 in 1 ,000 fail to give positive results. 

A protection text has been devised, by mixing equal parts of serum of the 
l]n3Aphogiwuloma patient with an emulsion of infected mouse brain, 
diluted 1 in 5 in normal saline, and kept for the night in the ice-chest at 4® C. 
Doses of 0*6 c.c. injectcHl intracerebrally do not produce encephalitis. 
The serum of monkeys which have recovered gives the same reaction. 

Pathology. — essential features of the pathology of the human 
gland consists in little pin-point epithelioid formations scattered all through 
the glwd substance. They are made up of masses of irregularly dispow^ 
macrophage cells together witti some giant cells. Hdppli described 
localn^ collections of eosinophils. Subsequently tiny micro-abscesses 
form. 

Symptoms. Primaru $ore , — Durand in 1918, and subsequently Han- 
scbell, described a small nerpetiform ulcer on the prepuce wh^ heals in s 
few days ; the adentitis proper does not commence until after the primary 
lesion has healed. Hanscbell believes that the does not usually 

occur in tl^ circonicised. The primary lesion is an erdfiion with dean 
edges, and is surrounded by a reetdened zone, but with only d^t infllhre- 
lion and induration. The base of the ulcer is usualljy whi^-gr6y« 
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Adenitis . — The incubation period of adenitis is three to four weeks after 
cx)itu8,but it may be as long as six weeks to two months. The disease generally 
commences with remittent pyrexia, which may precede the actual localizing 
signs, and may be mistaken for typhoid. Soon, subacute inflammatory 
swellings of the groin glands are noted. The inflammation may be unilateral 
or bilateral ; while the oblique glands are most frequently affected, at 
tinies the cniral glands are attacked. Sometimes one groin is affected after 
the other. In well-marked cases, the internal iliac glands, sometimes 
the lumbar glands also, can be felt enlarged and tender on deep palpation. 
Signs of intoxication from absorption may be widespread, producing 
prolonged intermittent or remittent fevers, sometimes even pyrexia of 
108-f5° F. Rigors, vomiting, cyanosis, even slight jaundice, and con- 
siderable pain have l>een noted. Rhemmatic-like pains in joints and pain- 
ful effusions into joint cavities may also occur as a result of absorption. 
The affected glands slowly enlarge to the size of a hen’s egg, or even larger, 
and after several wet^ks, it may be months, the swelling gradually subsides 
(Fig. 104). Usually, the periglandular conmn^tive tissui^ inflame, and the 



Fig. developed clliimtic bubo in right groin, showing also small primary 

letioii on the corona penis. {A. H. Waiiers.) 

integuments bi*come adlierent until suppuration ceases. At other times 
fist\dou8 tracks fonn, and continuously exude a clear sticky fluid. The 
most striking clinical feature in the male is the extensive, inflammation of 
the periglandular tissues with comparatively little pain and suppuration. 
The following stages are recognized : — 

(1) A firm solitary gland, with no apparent causative lesion other than a 
recently-healed ulcer on the genitalia. 

(2) A firm solitary gland adherent to overlying skin and deeper tissues. 
Adjacent glands are enlarged, including external iliac glands, palpable as a 
mass above^ Pou part’s ligament. The affected glands tend to coalesce. 

(8) The glands in the groin soften and fluctuate. If incised, a cavity is 
disclosed, trabi^ulated by coarse, fibrous strands. 

(4) The softened gland-mass ulceratej through the skin, and spontaneous 
fistulaiion occurs. Secondary infection follows. 
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It was formerly believed that lyxnphogranulomatous adenitis was un- 
known in women (Hansehell, 1926), but it is now becoming recognized that 
typical mguinal poradenitis does occur, though inguinfd but^nic mani- 
festations are, on account of the different anatomical disposition of the 
lymphatic system in the female, comparatively rare; nevertheless, 
Galloway (1^6) recorded his familiarity with typical inguinal buboes in 
Chinese and Japanese prostitutes in Singapore. Most of the cases of 
mguinal buboes in women who have given a positive intradermal test {see 
below) have been reported among prostitutes by French writers, though 
definite evidence of the infection of wife by husband has been obtained in 
an English case under the Editor's care. 

EsQiwmhne and stricture of the rectum, — Esthiom^ne is an ulceration of the 
vulva associated with elephantiasis of the labia, formerly thought to be 
tuberculous. Stannus and others now believe that esthioin^ne is the 
counterpart of lymphogranuloma inguinale in the male. It has been 
recorded in all the countries of Europe and America, but there are very 
few references to it among tropical races, though Ghesterman on the 
Congo found typical cases amongst the native women, and also saw the 
geniio-ano-rec^ sjmdrome there. Gray and Yieh, from Shanghai, 
described four cases in Chinese females. The primary lesion is probably 
hidden in the posterior wall of the vagina, and the ana-rectal lymphatic 
gland is the fi^t to be attacked. The infiltration of this gland extends, 
via the lymph-flow, to the anterior part of the vulva, and posteriorly to the 
rectum, resulting in the geniUhano-redal syndrome, and finally scarring of 
the glands leads to rectal stricture. 

Fibrous stricture of the reclum, in both sexes, is probably due to the 
same virus. Authorities are now agreed that syphilis cannot be held 
responsible. Bectal stricture appears to be more frequent in Europeans 
thim in native races, though Maxwell reported it comparatively frequently 
in China ; Gray recorded it in both sexes in Nigeria, and Ghesterman on 
the Congo. Bajam, in Madras, in a clinic^ study of lymphogranuloma and 
allied conditions, reviewed 188 cases of poradenitis, and found buboes in 
99 males and 2 females, and the genito-anal syndrome in 18 males and 8 
females. The virus spreads from the initial site of implantation by the 
lymphatics to the inguinal and pelvic glands, and later the lymphatics of 
the anus and rectum become involved, producing at first proctitis and, later 
still, stncture of the rectum. The following varieties are recognized : — 

(1) Anal stricture in women associated with esthiomine. 

(2) Annular rectal stricture. 

(8) Tubular rectal stricture. 

(4) Bectal communicating strictures from ulceration between the rectum, 
bladder, va^^, prostate and seminal vesides. 

In 1982 Frei reported tiiat 80 per c^i. of eases of the gemto-aiio*ieetal 
syndrome gave a positire intrademuil test. < 

Extm^gMltnl infectioiis. — ^Extra-genital infections have been re- 
corded on the ton^^ue, fdlowed by glandular onlargmnents in the neck, by 
Cnrth ; in the aziBa by Hellerstrdm ; and on the loot LApinay and 
GrAtin. A possible relatioodiip with regional ffaitis (Crolm V duease) mm 
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suggested by Likely and Lisa; they recorded. a case in which multiple 
granulomata of the ileum were present with frank lymphogranuloma of 
vulva, vagina and rectum. 

Ocular lymphogranuloma. — This was described by Macnie (1941). 
The whole globe may be covered with granulation tissue and the washings 
of the conjunctival sac will infect monkeys. Curth and Sanders found that 
a number of cases of uveitis and kerato-conjunctivitis gave positive intra- 
dermal tests ; sometimes there is conjunctivitis with ciliary congestion. 
Fundus changes have l)een reported, also peripapillary oedema, dilatation 
and tortuosity of the veins. 

Complications. — Sometimes, if too much lymphatic tissue is removed 
by excision of the glands, an elephantoid condition of the leg and scrotum on 
the affected side may develop (Fig. 105). This is a grave objection to 
surgical interference, added to the fact that secondar^^ sepsis is very likely 
to ensue. Rupture of extensive lymphogranulomatous suppuration into 
the bladdcT has been recorded. 



P\%. l•5.--CflnMltic bubo two months after incbion and circumcision, showing 
sinus formation. {H, Wolfe Cowen.) 

Diagnosis.— The diagnosis of climatic bubo and lyrnphogmnuloma 
inguinale has been placed upon a scientific basis by the iittroduction of the 
intracuti-reaction (intradermal test) of Frei (1925), winch is now known as 
the iVei-Hoffmann reaction. Tlie antigen was originally prepared from the 
inffamed gland tissue. 

’ Frei’a method of preparing antigen for the skin test consisted of withdrawing 
the pua fix>in a gland which has undergone softening, but not fistulation. The 
aspirated pus is mixed with physiological saline, in the proportion of one part to 
five parts in a sterile tube, and immediately put up in J-c.c. to 1-o.c. doses in 
Jena hard glass ampoules. Thus prejMired, it is heated to 60° C. for two hours 
over a water hath, and the following day at 60° C. for one hour. The antigen 
should be reserved at a low temperature unexposed to l^ht. Tests must be 
repeated every three months, and should give negative reactions in skin of normal 
and oontnd patients sulTering fifom ufcus inofte. Careful experiments at the 
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Albert Dock Hospital, London, with a controlled antigen prepared as above, 
have been satisfiftotoiy. 

A. H. Walters mc^ed the preparation of the antigen for routine use as 
follows : 

Hie affected gland, surgically removed, is plaoed in a sterile glass dish. It is 
then out in half and two equal portions are placed in sterile Petri dishes marked 
1 and 2. In specimen No. 1 the inner fun-point of necrotic material is macerated 
in physiological saline and inoculated at once into the inguinal region of guinea- 
pigs. Specimen No. 2 is macerated in physiologioal saline in a dilution of 1 in 
10 by weight, and then macerated in a water bath at 60® C. for one hour ; it 
is then filter^ under strict aseptic precautions through fine Whatman paper 
in order to remove larger masses. 

On receipt of positive animal inoculation results, three batches of antigen are 
pooled and subjected to further inactivation at 60® C. for one hour on each of 
two consecutive days. Emulsified braiRS of mice infected- with lymphogranuloma 
have been employed. These extracts are more easily obtaiimble and can be 
standardized, but pseudo-positive reactions occur and may lead to confusion, 
while reactionB may be obtained in normal persons with intradermal injection of 
DOTinal brain tissue. Hake and his colleagues prepared an extract of lympho- 
granuloma vims on egg yolk sac. It is known as lyf/fnnum. When tried out by 
SuUdn in a series of cases the results were conclusive. 

Ottohna (IMl) claimed that intradermal injection of 0 3 c.c. of cerebrospinal 
fluid from a previously proven case of lymphogranuloma gives a positive reaction. 
The cerebrospinal fluid is concentrate tn meuo from 10 c.c, to 2 c.c. before 
* injection. 

The Frei Hoffmann tesi, — The test is carried out on the same'lines as the Dick 
or Schick sensitization tests : 0 *1 c.c. of antigen is administered intracutaneously 
in the forearm, causing a wheal fi-10 mm. in diameter. Physiological saline or 
Dfndcoe chancroid antigen is administered on the other forearm as control. A 
positive result usually appears at the end of 24-46 hours and may vary in size 
from a circle of 1|^ in. in diameter to a considerable reaction about 3 in. in 
diameter. German writers have noted a hard mass (“ Sin karler Knoeken *") 
ofinfiltratedskin which may persist for a few days. This never occurs in negative 
cases. 

The WaseM ieM consists of producing a fatal encephalitis in mice by inooulatioa 

the virus. 

The disease must be differentiated from soft sore, filarial adenitis, and 
plagne, especially the ambulant form. In China espectaQy lymphogranu- 
loma bubc^ have to be distinguished from pestu minor ; they have also to 
be differmitiated from femor^ hernia, but these two conditions may be 
assodaied. TuIaraBtinia may also have to be differentiated. 

Blood ehonges . — ^There is usually a leucoeyiosis aceompanying the 
suppuration. In tlie Ediioris cases this has invariably so ; the 
leucocyte counts vary from 8,000 to 27^000^ but no cell-type is particalarly 
affected. 

SeroJogwal ekemgoo. — ^Hypeiglobulinasmia is omistantly present. The 
total protdiisaiw between 8* land 10-8 per cent, in florid cases. Theserum 
albm]^ IS about 8*9 percent.; smm globulin 8*9 to 8*6 per cent. 

A eomfkment-fiw0d^ teat has hem described by McKee »d in# col* 
leagues* Tbe antigen, 

infected limgs of mm gnmnd to^imlie a 19 per cent* stu^aihuon# 
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The readings are taken at the end of thirty minutes at 87® C. The lowest 
initial dilution of serum is 1 in 2. 

Treatment* — In the lymphogranulopaatous stage the inflamed gland, if 
discrete, can be excised, and the spread of further mischief appears to be 
avoided, but surgical interference to lay open the suppurating sinus or 
remove large masses of lymphatic tissue should be strongly deprecated for, 
as a result, the gland tissue may become secondarily infected with pyogenic 
organisms, a permanent lyipphatic sinus may form, or chronic lymphatic 
obstruction may ensue. Usually, excision of the mass when suppuration 
is present is not followed by clean and rapid healing, but by the formation 
of sinuses (Pig. 105). Stammers and Law found that surgical removal of 
the originally infected “ feeding gland ” may lead to the subsidence of a 
larger group of 8t»condarily involved glands. 

During the acute stage of the disease, treatment should consist of rest and 
the application of soothing dressings. 

Protein-slwck therapy is often followed by dramatic results, and the 
Editor has had considerable experience of this method of treatment. It is 
especially advantageous when suppuration has commenc^ed, and should l)e 
combined with aseptic aspiration of the gland. This aspiration may have to 
be repeated several times. 

Typhoid-paratyphoid vaccine (T.A.B.), or Pyrifer “ ‘ is employcKl, 
commencing with 60 million given intravenously and gradually increasing 
to 200 or 800 million, injections being given every third day. Two or three 
reactions are usually required before the buboes dry up and the surrounding 
induration disappears. This treatment should l>e combined with rest in 
l)ed, and antiphlogistine dressings. When there is active suppuration it is 
advisable to aspirate, ixiaking a small opening with a tenotomy knife, 
packing with gauze, and using silkworm stitch as a seton. 

Vaeeinr therapy , — The vaccine is prepared by excising a convenient portion of 
the gland mass, wluoh is cut up into small pieces, dehydrated over oaloium 
chloride, emulsified in saline and injected in increasing doses every second day, 
hut no reliable results have so jfar b^n obtained by this method. 

Treatmeilt by dni^s* — Tartar emetic , — Intravenous injections of tartar 
emetic have been used since 1925. Eight to fifteen injections of from 5 to 
10 C.C. of a 1 per cent, solution are required. The pentavalent compounds of 
antimony — such as neostibosan in recognized doses — have also been employed 
with apparent success. 

Anihiomaline (Lithium antimony tartrate) has been given intravenously or 
intramuscularly. Stammers and Iaw commence with a dose of 0*5 c.c. (6 per 
cent, solution) ; they increase each dose by 0*5 c.o. up to 2 c.c. twice weekly to 
a maximum total of 20 Injections. Normally only 10 are required. The average 
length of treatment in fimt and second stages is about four weeks. 

Sntphommidss , — MaoCallum and Undlay, by means of ohemotherapeutio 
expedmeiits on the virus of lymphogranuloma in the mouse, have shown that 
eulphonamides have a definite value. At present it is impossible to say why 
the virus of Ijrmphogranuloma inguinale fdone is susceptible to ohemothera- 
peutio aodem, while so many other viruses are insusceptible, but the evidence so 

* U s Bea. siSMmMcii in sUeiiitiit from S<>*500 million, prernred by Artstophiurtn Ltd., 
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far obtained seems to point to the fact that living virus may still be obtained 
from the brains of certain mice after prolonged treatment with sulphonamides. 

In the treatment of the disease in man Montel (1937) in Indo-China found the 
French preparation, nibiazol, curative, if given in courses over a prolonged period. 
Earle (1939) reported on the value of sulphapyridine, but recent reports indicate 
that in actual practice the results are disappointing. 

Treattnent of recial siricture , — The treatment of rectal stricture is difficult. 
Palliative measures consist in dilating by graduated bougies and injecting 
antiseptic solutions to cure the ulceration. Operative measures depend 
entirely upon the type of stricture present ; Lockhart-Muramery gives the 
following alternatives : internal proctotomy ; complete proctotomy ; 
excision of the stricture or of the rectum ; and colostomy. Bensaude and 
Lambling, on the other hand, consider diathernuc dilatation to be the best 
method, applied for twenty minutes every two or three days, for ten to 
twelve applications. Oibsoluble local anaesthetics, such as proctocaine, are 
best for post-operative rec*.tal pain. 

The medical treatment of rectal stricture and estliioni^ne has l)een im- 
provKl by the uitroduction of sulphonamides. Shropshear claimed 
success with sulphapyridine, in dom^s of 2 gnu. daily, for fifteen days, with 
a seven- to ten-day interval, after which the courst^ is repeated. Two 
patients recjuired 108 grm. in two fifteen-day treatments before symptoms 
disappeared. In women sulphapyridine checks leucorrhma and heals the 
ulcers. 



CHAPTER XXXVIII 


ULCERATING GRANULOMA OF THE PUDENDA 

S3nionym. Granuloma Venereum, 

Definition. — ^An infective and granulomatous condition of the pudenda, 
widespread in some parts of the tropics, conveyed by sexual contact and 
auto-inoculation. 

Geographical distribution. — Ulcerating granuloma is widely diffused 
in India, Guiana, Brazil, West Indies, Port<j Rico, Papua, Pacific islands, 
and Northern Australia ; sporadically it occurs in the Southern United 
States, on the West Coast of Africa, and in Southern China. l)e Vogel 
ndateathat in the southern region of Dutch New Guim*a this disease a[)pear8 
in epidemic fonn and threatens the extinction of the local tribes. In only 
one case has spontaneous cure been observed. 

Etiology.— There U good reason for believing that the disease is generally, 
though not invariably, venereal ; very rarely, extragenital lesions have been 
observed, Cleland and Strangnian in Australia, Flu in Surinam, and Aragao in 
Brazil described certain parasitic bodies within the large mononuclear cells 
from scrapings of the lesions. The organism is like a short bacillus with rounded 
ends, and measures I jx by 0*2 g ; it was described and named Calym^natabacUrium 
ffranuUmatis by Donovan, and later by Araujo. Later, this organism was 
re-studied by E. L. Walker, who considered it to be a capsulated intracellular 
dipl(H^x!cus, probably BariUus mucoms mp9td(Uus^ one of the Friedlander group, 
'fhe secondary inv^er may bo the non-hiemob^ic anaerobic strt^ptoeocciis 
flf*scribed by Meleney (p. 634). 

Dienst and Greenblatt (1943) have not confirmed previous observations, 
and now think that the Donovan bodies are protozoa, in no way related to 
bacteria (the diphtheria group). The organism is selective for its particular 
host, reproduces by multiple segmentation within endothelial cells and is affected 
by antimony. bodies are further distinguished by retaining basic fuchsin 
stain when exposed to weak decolorizing agents. The smear from an ulcer is 
fixed, flooded with 0*6 per cent, aqueous fuchsin for two minutes, then washed 
with water and 0*5 per cent, citric acid until the dye ceases to leave the smear 
(6 sec.). The film is then washed in water and counterstained with 1 per cent, 
aqueous aniline blue for 5 minutes. 

Age and — Ulcerating granuloma has not been recorded before 

puberty ; it has been fovmd only after the age of 13 or 14’ and up to 40 or 
60. It occurs in both sexes, but more often in women, especially where) 
polyandry is practised. 

Pathology. — Histologioally this disease is allied to rhinoscleroma, and 
the close atsooiailon between these two diseases in Sumatra has been emphasized 
by Bnijders. On microscopical examiimtion the new growth at the margins of 
the sores Is found to be made up of nodul^, or masses of nodules, consisting of 
round cells having large and, usually, badly-staining nuclei. These oeU-nests of 
Malpighlaa oells are embedded in a delicate fibrous reticulum. An important 
feature in the hktopathology is a peculiar pathognomonic cell d^oribed by 
Fund and Greenblatt (Fig. 106). It is a large mononuclear varying itom 25 to 
90 (JL in diaroter, probably derived from a plasma cell. The speoifio cell, laden 
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with the so-called Donovan bodies, can be shown best by the Dieterle silver 
impregnation method in which these bodies appear as dark brown or black 
elongated ovoid masses with intense bipolar staining. The nodular masses are, 
for the most part, covered by epithelium, their under-surfaces merging gradually 
into a thick, dense, fibrous stroma in which small clusters of similar round cells 
are here and there embedded. The growths* though v&ty vascular, contain no 
hmmorrhagee ; and there are no signs of suppuration or of caseation, no giant 
cells, and no tubercle bacilli. In vertical section of the small nodules the round- 
cell mass will be found to be wedge-shaped, the base of the wedge being towards 
the surface; the deep-lying apex is usually pierced by a hair or two. The 



lii.--Uksraliiif framdaiiia of msdciHla shewiiqE tlie pntlispiammAc cell and 
ciMtaincd Deaovan bodies. {After Fund and OreenMaU^ Arekfves of FaiMogg,'*) 

growth is found around sebaceous foliieles, blood-vessels, lymphatics, and 
sudoriferous glands ; but it is especially abundant, and most dee]dy sitnaled* 
around hak fdilicles. 

Symplomn. — The incubation period appears to be comparatively shorty 
from two to eight days aftm* sexual contact, but it may be as long ad 
twelve weeks, llie disease commehees in the great majority of oaaes 
sotnevdiem on tW gemtab, usi^y on the penii orlaUa msnoxa, the piibei» 
or groin, as m insignificant, eiiotiniseribed, nodular thickening and elevw* 
tionof^ikin. 1mafibol0fimrea,wliich on tlmwimbbelhvated above 
sunotmdii^ l^tiby dun, and covered with a very deHoatCi ptnlridi, eadt;^^ 
mbbed-off ^thelinm, excoriates readily, exposing a suitece whidi taods 
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to bleed and break down, although rarely ulcerating deeply. The disease 
advances in two ways ; by continu- 
ous excentric peripheral extension, 
and by auto-infection of an opposing 
surface. It exhibits a distinct predi- 
lection for warm and moist surfaces, 
particularly the folds between the 
scrotum and thighs, the labia, and 
the flexures of the thighs (Fig. 107). 

Its extension is very slow, years 
elapsing before it covers a large area. 

Concurrently with peripheral exten- 
sion, a dense, contracting, uneven, i 
readily breaking down scar forms ! 
on the surface travelled over by the | 
coarsely or finely nodulated elevated I 
neyf growth which constitutes the 
|)eripheral part of the diseased area. 

Occasionally, islands of active 
disease spring up in this scar tissue ; l•7.— Ulcciaf^ granuloma of 

but it is at the margin of the impli- In male, 

cated patch that the special features of the affection are best observed. In 
eases of long standing the partially-healed areas are covered with thin 
depigmented skin and thus show up as white patches. 

In the female (Pig. 108) the disease primarily attacks the cnira of the 



Pig. gmudma of faiaal a In funale. 

(/>r, M: ‘ ‘ 
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clitoris, thence extending into the vagina, over the labia, and along the 
flexures of the thighs. The women thus affected are rendered sterile. In 
the male the disease may spread over the penis, involve the glans, scrotum, 
and upper part of the thighs (Fig. 109). Occasionally, the glans penis is 
not involved. In either sex it may spread in the course of years to the 
pubes, over the perineum, and into the rectum, the recto- vaginal septum in 
the female ultimately breaking down. At times, a profuse watery discharge 
exudes, and even drips from the surface of the new growth, soiling the 
clothes, soddening the skin, and emitting a peculiarly offensive odour. Li 

this condition the disease, slowly ex- 
tending, continues for years, giving rise 
to inconvenience, and perhaps seriously 
implicating the urethra, vagina, or anus, 
but not otherwise materially impairing 
the health. In neither sex do the 
lymphatic glands become affected. The 
disease continues entirely local, but in 
the process of cicatrization the lymph- 
channels may become blocked, and 
pseudo-elephantiasis of the genitalia 
may occur. Impassable strictures of the 
urethra may result, and recto-vaginal 
fistula? are common. It may cauw* death 
by eating its way into the bladder, 
causing septic cystitis, as in a long- 
standing case under the Editor’s care. 

Diai^osis. — Bfalign^t and syphilitic 
ulcerations of the groin are common 
enough ; the disease under notice, however, 
diffm widely from these — clinically, 
hktoiogioaliy, and therapeutically. It is 
characterized by extreme chronioity— ten 
or more years ; by absence of cachexia or 
of any tendency to cause death ; by non- 
impheatiem of the lymphatic system as a 
whole, and by non-amenabiHty to mercury 
FIj. Jtf,--Ukcratfaif graiwlsiiis sf «^iodidc of potasdum. 

face and pails to a Ctonamaii. disease which it most resembles is 

(Dr. B, Bowes,) lupus vulgaris. From this it difibrs 

inasmuch as it is practically confined to 
the pudendal region ; tends to follow In its extension the folds of the skin ; 
and Is not associated* with the tubercle baeUlua, giant oeUa, caseation, or oth^ 
evidences of tubercukms disease. Unless cmmpacated by a coincident sydbOMo 
infi»ct^ the WasMinaiin mac^ is neg^e. The ineffieiei^ ofiinti- 

syfdiifi^c tit»tiiiimt soon oonvtoees the fdiyaiclan that ilm uloe^ 

to thto disease. Its chaiactefiitic mode of spread sufBcss to dfstinguiah It firara 
epithelioma and oarcltioiiia. The dlm^asges nloera^ granuloma have, 
'moreover, a peouHar acrid tonefi. Fund and GnmblaU descHbed a fungating 
fora affecting the oervkutcviin imgresses, which greatly resembles the utoerayvr 
and vegetative type of esretoonmeff the cervix. It has also to be disttogulllied 
fitra gmunrhaal endooervitto and fora dmpto rations. 
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. Treatment. — Scraping and caustics, including the actual cautery, have 
been freely employed ; but, although some improvement may be effected, 
new nodules almost invariably spring up in the resulting cicatrix. Until 
recently, complete excision, where practicable, offered the best chance of 
permanent cure ; such a proceeding had to be undertaken before large 
areas and important passages had become involved. 

Judpng from its relatively superficial nature, and close resemblance to 
lupus, it seemed probable that ulcerating granuloma might prove amenable 
to some form of radiotherapy. This is actually the case, and X-rays, 
originally suggested by Sequeira and Macleod, have been successfully 
employed in some cases in Madras. Treatment by intravenous injections 
of tartar emetic, introduced by Arag&o and Vianna in 1913, has also proved 
successful ; improvement usually sets in, and, although in a small propor- 
tion of caw^s relapses occur, in the vast majority the cure is radical. The 
drug should injected on alteniate days, commencing with ^ gr. dissolved 
in distilled water and gradually increasing by the same amount up to the 
maximum individual dose of 2 gr., but the total amount required to effect 
a cure varit^s withiri wide limits. The Editor had one case with a limited 
suprapubic lesion which healed compleUdy after a total of 17^ gr., while 
oth(‘rs requinni 170 gr. or more. Cicatrization usually takes place rapidly, 
but indolent ulceration may persist. Apparently stibacetin, neostibosan, 
stibenyl. and other pentavalent compounds of antimony are more efficacious 
than tartar emetic. From 3 to 4 grm. of the drugs is necessary. Giglioli, 
in Ilritish Guiana, gave two courses of se\en intravenous injections with 
45 days betw wn each courw\ Each injection consisted of 0* 1-0*6 grm. of 
sfilxmyl (stibacetin) dissolvetl in 20 c.c. of normal saline. He acliievt^d 
curt»8 by these inmns in cases resistant to tartar emetic. On the other 
band Earl(‘ coiisidtTed jouadin (a trivalent antimony salt) efficacious (see 
p. 686). Stibophen is another similar antimony preparation. The Editor 
has fniiiid it advisable to dn*s8 the ojK*n granulations daiW with an ointment 
containing 1 per cent.^ of antimony tartrate in white vast^line. It should 
b(» left on the sore for two hours, then wiped off carefully, and the sore 
washed with horacic solution and dressed with boraeic ointment. Inter- 
initb»nt dressing with eusol helps keep the surface clean. Radiant heat 
ap[dif d to the ulceration has proven! beneficial, while touching indolent 
Hfiots with a silver-nitrate stick w ill soni(»tiines promote healing. Wlien the 
sure is of liuiitcHl (‘xtent. excision and 8ub8e<|uent skin-grafting may be 
advisable, but a wide margin of healthy skin should be removed, or recurr- 
ence will most certainly take place. Tartar-emetic treatment may Iks 
combined with X-rays and with protein-shock treatment (Hanschell). 
These shock tn»atinent8 should alteniate with tartar emetic injections. 
Operative measures, such as the amputation of a badly ulcerated glans 
penis, may become iiect^ssary. 

In addition to medicinal means, it is often necessary to open up sinuses 
and to caoterisse undermined margins by the electric cautery. 

Many observers have drawn attention to types of ulcerating granuloma 

* Tu ftnUmony-Uftnito irintmetit, ttw tKweMRry Aiuciunt of anUiuooy taitrato i» Snit dinolved . 
in Ik of Squid piimmii tSwi made up to with white veaellno. The ointmeiit. 

intiet ma be ipi^ on ftbe hmilthy «kin. 
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vfaich are unafFected bj antimony. F. L. Iifeleney has noted the curative 
action of zinc peroxide in the treatment of anaSrobic organienie in acute 
surgical infections. This preparation had been used since 1908 by French 
and German surgeons, but for many years fell into disuse. Now it has been 
applied anew by Meleney in clironic ulcerations due to non-hasmolytic 
ansSrobio streptococci wUch have hitherto resisted other forms of treat- 
ment. The standard preparation of zinc peroxide is one which, when 
sterilized and suspended in distilled water, consistently yields oxygen 
while itself remaining soft. It must be rubbed into the wound, especially 
at its spreading margins, in gangrenous infections of the skin due to 



Fig. 1I&— Uksialtaf graMdMBa el the pdmdu toficted with aMi>hMiri)rtk 
stfcptececcM. (Or. BoMetfiM.) 

diim bnUae wlsb doe panndda UMtnwM and ciuiiilrt Kar4taw bnutlan. 

synergistic bacterial acticm, and in undwimning bonowing olcen (tf tlio 
non-gangrenoQB type. 

Tte fiowatioQ of oxygen depends nptm the presence of water, and there- 
fore zinc peroxide cannot be empbyed in mly solntions. The b^t prepara- 
tioo is that of the Da Pont Ch^ieal Co., Niagara Falls. It most be 
steriliaed atldfFC.&Mrfonrminates ; 6-26 am. are pot m large test-tabes, 
tite oontents of iriUch are mixed by means of a pyringe with enoiie^ disttOed 
wator to give a htmugeiieoas sospcaision with the eonostmey ^ w per oeot. 
onam. U is Own spiead so as to come into contact with ev«y paii ol the 
infected amlace, partienla ears bung ttriEcn to see that it onda Rie 
ondecmmed ddn and into Rie onoses, for whidi porpoee it m Regoeotly 
necessary to ose a Rioii oaRwter. Str^ of gaoae or nlfc ore dippM hito 
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the suspension, and introduced into the sinuses. The dressings should be 
changed daily, but in painful cases they may be left for two days. The 
Editor has observed a very serious case successfully treated in this manner 
when all other measures had failed^ (Pig. 110). It was also found advan- 
tageous to syringe out the sinuses with hydrogen peroxide. All sinuses 
must be thoroughly opened. 

Sulphomniid^t especially sulphapyridine, have, been successfully em- 
ployed at this stage. Ross and others rcwrded success with 3 grm. daily 
for fourteen days in early h^sions. Earle regarded sulphonamides as 
useful adjuvants to antimony treatment. 

Prophylaxis. — As this disease is most certainly spread by sexual 
connection, prevention consists in the avcudance of illicit intercourse, 
especially with native women. 



SectwB m-TROPICAL SKDT DISEASES 

chai’ter'xxxix 

NON-SPECIFIC, BACTERIAL, AND FUNGOUS SKIN DISEASES 

I. NON-SPECIFIC SKIN DISEASES 


Lbucoderma, or ritilipo, is extrenioly foniinon throiiKfiont. the tropics, and 
is by no means ctmfined to any particular race. Almost any part of the 
body may be affected. The atrophied, unpijrmented patches of skin slowly 



Ftg. 111 .— LetKodcma. {Dr. H. K. Giffen.) 


enlar^ periph««Ily, and may coalesce. Occasionally the whole Ixnly is 
aflect^, uid a certain amonnt of symmetry may Imi observed ; the hair of 
the affected parts may also become white (Fif(. 111). The texture and 
glands of the skin remain normal. The etiology of the disease is* unknown. 

TreatnwBt. — Boueki oil injections have for many yean been employed 
by the Calcutta School of Tropical Mediidne. The oil is extracted from the 
seeds of PooroHa eomMia. Maplestone used it as an irgection in otm- 
junction with inteatiouantueptics. The oil is the same as that eonunonly 
used for extnmal apjdkaitiw. The dose is 0*05 to 0*1 ojo. intradermatly 
at the margins of me patch ; the number of iiyeetions variea aeooadii^ to 
its me. After two to three weeks (hr* fonnathm of p^ment is iK>ti^> 
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;iu(l gr^ually A* sc^cond or even a third series of injections may 

mihHequentlv be given. 

It is possible that cases with a positive Wassermann reaction are syphilitic 
and may be bene&ted by antisyphilitic treatment. Care must be taken not 
to mistake this condition for the depigmentation which is commonly seen in 
macular leprosy and yaws. 

CllELOID 

Synonym. Keloid. 

The term cheloid is applied to an overgrowth of fibrous tissue in the 
cellular layers of the corium. Hypertrophic scars are eomnion enough in 
Enroja^ans consequent u|>on surgical scars or bunis, but some Europeans are 
predisposi^d to develop the extensive hyperplasia known as cheloid. Central 
African negroes are espcKually liable, and in some tril)e8 cheloidal scars on 
the back, thigh or chest constitute a readily recognizable tribal mark. 
Similar fibrosis may occur in these people after a cautery, a healed 
syphilitic chancre, or even mosquito-bites. 

When fully developtni, the growth is w«‘ll defined ; on a white skin it is 
pinkish or brownish, but it has a distinct red or chocolate tinge on a dark 
jwrson. Growth takes place very slowly and, rarely, sarcomatous changes 
may super\’ene in the fibrous tissue. The growth may cause intense pain 
or a continuous ache when forming. 

Treatment* — Tlie most efficacious method, according to Macleod, is by 
radium. A full-strt»ngth radium jdate is scrwned off by a silver she£‘t 1mm. 
in thickness. The exjKisure should last lB-30 hours. Ia^ss brilliant results 
nre obtained by C0» 8now% especially in early lesions. Electrolysis (8 ma.) 
is also ust'ful, while occasionally X-rays are satisfactory. 

Keloid ought not to l>e diagnosed as nodular leprosy, but the mistake has 
been mode. 


11. BACTERIAL SKIN DISEASES 
UncuH Tropicum 

Synonym. Tmpical Sloughing PhagedcBna. 

Gmgraphical distribution. — Tropical ulcer is common in most 
t Topical eountri(*8, particularly in those with a hot, damp climate, principally 
in the jungle. These sort's are often named after the region^ in which they 
are specially prevalent — Mozambique ulcer, Yemen ulcer, Naga sore 
(Assam), etc. 

Ot^casionally this diseasi* assumes epidemic proportions. Lloyd 
batterson described one such epidemic which “ swept like a plague up the 
whole of Assam/* seriously interfering, with the efficiency of the labour 
force on the tea plantations. 

This form of ulcer was very common among the carriers attached to the 
l*ast African Force during the 1914-1918 war, and accounted for a con- 
siderable amount of invaliding, and among natives in Africa it causes an 
mimanse amount of‘ disability. It is the commonest cause of disability 
amongst labourers in Malaya, the Solomon Islands, New Guinea, andinde^ 
in the whole of Melanesia. The average stay in hospital is 141 days in 



638 


TROPICAL SKIN DISEASES 


younger patients and up to 282 da 3 rs in older ones, so intractable lure these 
ulcers to treatment. In the West Indies, especially in Trinidad, the ulcers 
are rare in infancy, and Earle stated that they occur after the fifth year and 
attain their maximum incidence during the third decade. In a mixed 
community this incidence is highest in Indians. The majority occur 
during periods of low rainfall and low relative humidity. 

Etiology. — ^Prowazek attributed these uloers to Spirochceia mJumdinni. 

Although sloughing phagediena is evidently a germ disease, it is not readily 
oommunicated by ordiiuuy' inoculation either to man or to the lower animals. 
Apparently a concurrence of certain unknown conditions is essential. Lloyd 
Patterson, however, succeeded in producing a characteristic sore by bandaging 
a swab smeared with discharge from a t3rpical sore on to the surface of an abrasion, 
from which the scab had been remov^. 

Sloughing phagedssna is apt to attack the half-starved, malaria-stricken 



Fig. trefrfonii. 

pumeers in jungle Unde, over-diiveii labour gangs, and acddUrs campaigning 
in the tropios. In musk circumetafioes a aHg^t wcmnd, an abrasion, even an 
ineect-bite, or an old chronic ulcer may aerve aa the atarting-polni for one of 
these terrible aotea. Where yawa and aknuj^iing phagedmna are co-endmnio, 
the aoies of the former may become inUcted wi^ the viroa of the Utter, and 
aerioaa akmghmg and dcatridai cootractiona reanlt. The Uet and Uga, being 
moat exposed to mjury, are tim moat fieqnefl^ Uoationa of tIU form of uloeratioii ; 
but the arma, or any oUier part of the body, may aUo be atladted. The blood- 
caldnm content, bUod-mgar and blood-niea ate said to be mncdi dinrinUhed, 
probably aa the leanlt of <Mcieiit dieUty (MoCnllodk). On the olte hand, 
the Editor haa obaerved aeveral aevere oaeea hi othendae healthy and wdB-IWi 
Enropcaiia in whom a dietetie deficimioy could hardly be mknufy mmridmd* 
CUmente In MdaoeaU and Jamea in the Salonioii Idaada were tHamiAf of 
the i^pinion that diet deftelendes (oapecUIty BA debfflty and dlmatU SiSuri 
oonOdne In piedUpoaif^( to nUna ttopknim. For hiatanee. the faieMUftOt 
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0ago*eater8 is vastly greater than in those who subsist on taro. Tropical ulcer 
is rarer in West Afnoan native troops, whose diet includes a ration of red palm 
oil, than in East A^oan troops, who do not receive this. Some consider that 
fusiform bacilli and spirochieteB play a considerable part in tissue>destruction. 
A close relationship with chronic malaria appears to 1 ^ possible io the epidemic 
form of this disease, and stress is laid upon the importance of Buxton's line of 
separation between the malarial and non-malarial Paicific islands, which also 
marks the separation between phagedsenic and ulcer-free islands. It is apparently 
true that the virulence of the organisms responsible for ulcus tropicum is increased 
by transmission amongst susceptible people. 

Symptoms. — If the disease occurs in previously sound skin, the first 
indication is the formation of a larger or smaller bleb with sero-sanguinolent 
contents. The bleb may be attended with some pain and constitutional 
disturbance. When, in the course of a few hours, the bulla ruptures, an 
ash-grey, moist slough is exposed. The sloughing process rapidly extends 
in all directions until the skin and subcutaneous fascia over an area of an 
inch to many inches in diameter are converted into a yellowish, moist, 
horribly stinking slough. After a few days the centre of the slough begins 
to liquefy, the sore still continuing to extend at the periphery. In the course 
of a week or longer the sloughing process may cease and the slough be 
gradually thrown off (Fig. 112). Then it is seen that not only have the 
skin and superficial fascia .been destroyed, but in bad cases possibly muscles, 
tendons, nances, vessels, and even the periosteum of the bones, have shared 
in the gangrenous process. Fortunately, in many instances, the deeper 
structures are spart^, the disease being relatively limited and superficial. 
8f)metiiiiefl, however, important structures, including joints, l)onei^, and 
large blood-vessels, are destroyed ; in such cases, even if life be spared, 
grcMit deformity may ensue from different forms of ankylosis, or from 
strangulation of a disUl part by a contracting cicatrix, necessitating 
amputation (Fig. 118). 

DIagiiMts has to be made from the ulceration of yaws, syphilis, amoobic 
ulceration of the skin, oriental sore, varicose ulcers, and veld sore, and is 
usually not very difficult, a final diagnosis being arrived at by exclusion. 

Treatmrat.— As recent obsenr ations in Kenya Colony and Tanganyika 
Territory have shown that dietetics play an important part in the production 
(d ulcus tropicum. it is of the first importance to correct any cachectic 
state. Thus, good food, fresh vc^tables, lime-juice and quinine are 
almost invariably indicated. Corkhill in the Sudan found that much the 
same conditions hold there ; cod-liver oil dressings, for instance, combined 
with a liberid vitamin A dietary give good results. Opium in full doses, 
not nierelv to assua^ pain, but on account of its special action on the 
phagedisnic process, is usu^y of great sen-ioe. 

If the sore is extensive and septic, the Mtient should be anffistheiked, 
and the surface properly scraped and subsequently swabbed with pure 
carbolic. Directly healthy granulations appear, the deer should be treaty 
general principle* Other authorities prefer strong commercial formalin 
applied I^tiy once a day for two or three days, followed by a bismuth 
paste (BXPt) direcUy a scab has fonned^ 

dames stated that ulcers and thar oompUcationd accounted for most of 
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the deaths in tiis hospitat in Xew Britain. In serious cases curetting? or 
excision is often necessary, followed by skin grafting, with or without 
copper sulphate treatfnent, James’ method is as follows : 

Copp(»r sulphate . . . . . 1 oz. 

Glycerin . - . . . . . 2 oz. 

Acid carbolic, 1 drill, to oz. of resulting solution. 

The coppt'r is crushed, placed with glyc(*rin into an enamel bowl and 
heated. It is then stirred and allowed to cool and a drachm of carbolic is 
added to each ounce of solution. The ulcer is gently cleani'd with wool 
swabs, the limb is placed horizontally, and the solution is ajrjdied on a 



FffC. Ill.—Ukus trofricum : acute caie In a European, evetilually cauiilng; loss of lei:. 


piece of wiki! the sizi* of a |>ea, tlie applicatkin Uung continued for two or 
three minub'S. A dn*ssing of acritlavine, ! in 1 JXK). on gauzi*, is applii^l 
and is covered by a hot fomentation. The afifdication may have to In* 
repeated twice daily. Most ulcers are clean after applications on two con- 
f«*ciitive moniings, and on the fourth moniing scarhd-red ointment and 
adh(*sive plaster can be applied. A somewhat similar methoil was advo- 
cab'd by Acton and Panja. Todd praised sjK*cially-prepare<l solutions of 
pitassium permanganate applied on cott<»n wool to the sloughing floor of 
the ulcer. The application is continued until pain is produced. 

Har)ey>Maiion in Kenya eniphaaiz<*d the value of tar an an application in 
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the mass treatment of natives, and reported on 300 cases treated in this manner. 
The ulcer is first swabbed out with eusol, any sloughs present are removed, 
and the surrounding skin is cleaned. The tar is spread on lint and changed every 
two or three days. Subst'quently, zinc ointment is used ; applications of zinc 
oxide and ichthyol are also recommended. Strocchi first cleansed with hydrogen 
peroxide and then applied gauze saturated with a preparation of arsenobenzol 
and iodine known as Neojodo I.C.I. Earle, in Trinidad, used applications of 
cod-liver and whale oil with success. Sulphonamides are of value in the early 
ulc*er8, but scarcely affect those of long standing. Hulphapyridine in daily doses 
of 3 grm. was found most useful. Douchet uw»d a saturated dressing of 8tt*rile 
ox-bile twict‘ daily. The bile apj^ears to digest the sloughs. 

Small supt‘rlicial ulcers respond readily to powd(‘ring with iodoform, or 
Ihl.P. (Irt'ssing, ami Kuhse(ju(‘nt firm stra[)piMg with elastoplast aft<^r 
I>ickson Wright’s method. When elastoplast cannot he obtained, a 8-in. 
spiral bandage acts w«*ll. SaytTS in the Solomon Islands found this method 
particularly siiited to the natives of tliat region. The strap})ing must }>e 
left on for one week. This iiicthod is based on the principk* that the best 
drt*ssing for the ulcerat<‘d surfact^ is its own discharge. Two longitudinal 
strij)s of clast oplast are aj>})lied to cover tin* malk‘oli, and further longi- 
tiulinal strips are placed ov<t the instep, over the t(uid(» .\chillis, and over 
the ulcer itself. A circular bandage is then applie<l. commencing from the 
toes and winding spirally tip tin* leg. N(> dressing is used. After twenty* 
four hours, in a had case, pus lt*ak.s thnaigli tlie bandage and the smell 
becom(*s objectionabb*. Then a plain bandage is applitnl, and, if th(‘ dis- 
charge is excessive, the bandage is removed after thret* days. At this 
time the ulcer may be larger, l>ut epitlielization will l>e o(*curring at tin* 
edges, and healthy gratuilations will a|)p<*ar. Spraying with insulin has been 
h)nml to j)romote hejiling at this stage. Hie h‘g should tlieii la* restra]»pt‘d 
ami not touched again for a week. 

Tliere is another elass of case where <*vt'rv simple imuliod fails and the 
ulc(>r continues to spread iii sjiit** of tin* most energetic measures. In these 
cases total excision of tin* ulcc*r folIow(*d by Hiierscli-grafting offers the 
only means of ultimate succt*ss. This method was used by l^rennan, 
-Anderson, ]{olM*rts in Kenya, and dames in tin* Solomon Islands. By 
means of a largo cur\ t*d bistoury tin* whole of tlu* infectt‘d tissue is removed. 
Tin* ulct*r is excised under sjiinal ana*stliesia ami not scraj)ed. The resulting 
wound should ho dre.ssed with i‘usol ami ointment twice daily until the sur- 
face is clean. .Afterwards, a dressing of Jbl.lb should he applied once daily 
for Hoiin* days until it is certain that then* is a granulating sin fact*. The site 
is now troated by skin grafting. According to Kn/i*r. wh(*n the Thiersch 
method fails, “ pinch grafting" of small circular patcln*s of wliole skin 
distrihubnl ov»‘r (in* area should he employed. It is saivl that complete 
healing takes place in fourtt*«‘n days. The grafts should he dressed with an 
emollient ointim'iit, c.f/., Tulle liras Linuihre (Anglo-French Drug Co., 238, 
Cray’s Inn Hoad, W'.C.l). W orkers in Ktaiya agn*e that the grafts usually 
take readily, and the stay in hospital aftt*r operation is one of twelve to 
ninete(*n days. 

In contrast to the energetic ineosurt's described above, L<x*w'enthal, in Uganda, 
claimed brilliant rt'sults with intravenous injections of < alcium. Fiftei*n grains 
of ealeium chloride in 10 c.e. of distilled water are injecU'd intravenously daily 
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until the cure is complete ; the dose is doubled if a case proves resistant. It 
is said that the offensive odour is lost in the first week, sloughs in the second, 
and in the third there is a healthy granulating surface with rapidly extending 
epitlu‘lization. However, it is probable that, though disordered calcium 
metabolism may play some part in the j)roduction of these ulcers, yet the 
results of tn^atment would be improved by scraping and skin-grafting. 

Kerby reported zinc ionization useful in healing up n^sidual areas 
of ulceration. For this purpose a 1 per cent, solution of zinc sulphat(> lias 
been used at tlie rate of 2 lua. to (lie scpiare inch for 20-30 uiinutt^s. 

Veld Sore 

Synon3rniS. Septic Sort' ; DescTt Sore : Ilirc(M> Hot. 

Geographical distribution. — This |H'<*uIiar ulceration is widely distribuU'd 
in the tropics and subtrojiics wherever desert conditions exist. It has long 

been known in Quccmsland and the 
Northern Territory of Australia. 
It affec ted the British trooj)8 in the 
Sudan and South Afriean c-am- 
paigns. and eauscKla very consider- 
able amount of disability in < hvlli}K)li, 
Egypt, Pah‘stine and Iracj during 
the 1014 IS war. it has also lK*<*n 
pn'valent in British trcK)p8 in 
Palestine, Libya, Abyssinia, Eritrea 
and the* Middle East during the 
present war. In South Afric*a it is 
familiartos|)ort«meM and travellcjrs. 

iEtioIogy.— The cause of this 
c'ondition ha.s long Ixh:*!! obscure.^ 
In iOUH'raig, in the Sinai lX*»c‘rt, 
demonstratc'd t hedi pht heria bacillus 
in the Ic^sions. Whether this covers 
the letiology of all veld sort*s cannot 
at prescuit l»e aflirm<*d, but that a 
c’CTtain projKjrtionan* diphtherial in 
i»ngin may be taken as establishes! . 
By sterilizing the surfac'c* of the 
sore with absolute* alcohol and 
sc raping the c lear surface, a cultun* 
of the Klehs-IxifHer baeillus was obtained on LifUer’s scTurn. This (organism 
was fiathogenic to guinea-pigs and c{uails, and its lethal effects could be neutral- 
ized by injection of antidiphtfic ritie sc*rum. In the scfrous conU*nts of the blebs 
the typical granular bacillus was obs<*rv«Hl in sLuneti prf*[>arationH. (Fig. 114.) 

The desc^rt sores, as the Editor obwrved them among British tr<K)jw, CK*curn*<l 
most frequently in men of mounted units, esfK‘eially thorn* aaHo<riai<*d with hon«*s 
and enamels, and more recently similar lesions have found in cavalrymen. 
The rate of incidence (.‘oincides with that of a widespread epidc*mic of faucial 
diphtheria. Cameron and Muir (1942) deserilwd the lesions as they oceuritsl in 
mouiiU‘<l units in Palestine in the present war. AcuU* and chronic stages an? 
rec*ognized. Paralyses occuntni in a numla-r of jmtMuits in whom th<*re was 

’ II. II. rMttO Um- fnmi » viid tlw S. Afrlnin 

war ill IWU, in ('uhiuf it by ucpbrntiiiii nf w>niUi. 



Fig. I U.— Culture of Klebs-Loffler bacillus 
obtained from the veld sore shown in Fig. 1 15. 

(/>r, //. A. Oljlff tif AMtut, Ktjypt.) 
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no other focuB of infection than the »kin. Not all Bores on exposed parts are 
necessarily diphtherial in origin ; some arc primary staphylococcal. In Eritrea 
and Abyssinia it was noted by Louw' that the men of mechanical units with oil 
or grease on their clothing suffered less than others from septic ulceration. 
Ext?(*88ive dryness of the skin is a predisposing factor. 

Symptoms. ~ The sores occur almost invariably on the expo8C‘d parts, mainly 
those covered by hairs, such as the dorsum of the hand, the fore-arm, the elbows 
and knt'e-joints. iSomc‘time8 the lesions occur on the face, over the eyebrows 
and on the cheeks. They may arise de novo^ or be superimjKJsed on some 
abrasion. 

A n'gular 8ei|uence of events precedes the actual ulceration. At first a vesicle 
full of straw -col()ur(‘d fluid makes its appearance, generally in the vicinity of a 
hair follicle ; it may vary considerably in size. 1'he j)ain it occasions is cpiite 
out of pro|K)rtion to the size of the lesion. On bursting it leave s behind a shallow' 
ulcer covcTtnl with a thin grey jxdlicle. 'Plie raw' ulcerated surface is (*xquisitely 
teruler, and it may continin* to spread jHTipherally. (Fig. 115.) 



Fig. 115.— Veld sore on leg containing growth of Klebs-Loffler bacillus. 
(/>r. //. K. (tiffth.) 


After tin* inflammatory ihanges have lasted two or thm‘ weeks the ulcers 
cnttT U|M)n a chronic stage. .\t thi.s stag(‘ they art' characteristic in ap}KNirancc 
ami |K*rhapH are more familiar to practitioners than the ineijnent stages. The 
ulcers are punched-out, circular, with undermined edges and thickened margins ; 
their baw' is coV(*n‘d with grey-coloured and scaly debris, beneath which 
can fn*quently be distinguished an afiherent membrane, but little or no 
pus is dischargt'd. The jwculiar ulceration which results is most intractable, 
and resists all ext<*rnal forms of medication ; the talges become indurated, and 
the thickc'ued tissue^ has a cyanotic api>earance. In sores in which healing dotis 
take place, a thin jMi|H'r-like sear remains for several years. The actual ulceration 
may continue for two years or longer. 

The Klebs-lAiftler bacillus can be is(»lated from the primary lesions ; from 
the (ihronic ulcerations it is recovered with dilficulty, being overgrown with 
staphylococci and ot her organisms of suppuration. The best medium is Marshall 
tellurite. 

Diphtheritic^ j)ares<»s. or }>aralys<»a, have Ixen observed in association with 
thesi* HoreH ; in one series this t*f)tn plication occurred in 27 jK^r cent. Paralysis 
of the palate, arms and legs, and accommt)dation jmra lysis of the iris have 
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been observed. There may Ik? ataxia, loss of kncH^ jerks, anawtliesia and in 
ordination, reealUng at first sight locomotor ataxia or bcrilKTi. \V alshe jKKiiUxi 
out that the initial local paresis is in anatomical rc'lation to the siU^ of the infective 
focus, and may be taken to indicate direct fmssagc of toxins from the diphtheritic 
lesion along the neural channels to the central nervous system. Accommodation 
pareses, on the other hand, usually apjx^ar in the stH'ond w(H>k, no matter what 
the site of the local lesion may have been. Polyneuritis is usually delayed for 
three weeks or longer. 

Treatment. — The specific trt'atment for this kind of ulceration is anti- 
diphtheritic serum, which has a very striking effect in healing up ulcers that 
have jx'rsistod for a year or ev'cn longer. At least 20.0tKl units should lu' given, 



Fig. 116.— Veld H>re. Primary lesion on adductor 
aspect of thigh; secondary contact sore on scrotum. 

[('apt, ManOm, A.l>.<\) 


and should l>e injected subcutaneously or intramuscularly in the vicinity of the 
sores. In the present war, sulphonamides by the m<mth have bc'tm found useless, 
hut in chronic cases staphyloeoctjal vaccines an* adv(Kat4*<l, t^igethcr with 
compresses of hypertonic saline, ccKl-liver oil dn^sstngs, and clastof)la«t bandages. 
In some cases silver nitrate stick is l>eneficial. 

In 8taphyloco<x'al sores sulphonamide jmste and acriflavine ointment have 
betm employed <acTiflavine, 0-1 per cent.; adejjs Ian® anhydrous 45 jht cent. ; 
water 100 per cent., to which is added 10 jier cent, mdii mlph. for osmotic effect). 

Prophylaxis. — Protection of exposed parts of the bcnly, osfKJcially the kncK^s, 
against abrasion in desert regifms where thew Hort‘8 o(Tur. is obviously indicateci . 
Mounfrfl men should wear knee-brwches and should not be [jermitted U) ride 
in shorts. 'Fhe application of antiseptic lotions to any abraded surface at the 
earliest possible moment is also indicaU^. As thf*rc* is sr^me evidenc«* that dried 
horse- manure may act as a nidus of the bacillus, care should Ixt taken to avoid 
contact with this as far as possible. 
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Boils 

The anatomical and clinical features of this painful affection are too familiar 
to roc^uirc detailed description. Suffice it to say that a boil is produced by the 
proliferation of StaphyhKmcua jyyogenes aureus and alhus. Streptococcus pyogenes^ 
or other pyogenic; micro-organisms in the skin and subcutaneous tissue ; that 
the organisms give riw' to local and limiti^d infiltration of the tissues with lymph, 
leading to necrosis, the central core being surrounded by an areola of acute 
infiammation ; that this core is separatc'd by a process of sloughing and so got 
rid of, the resulting ulcer speedily healing, and leaving a depressed scar which, 
when occurring about the legs, may become pigmented. Though a self-limiting 
disease lo(;ally, it is nevertheless capable of being inoculated elsewhere in the 
same individual, both through a breach of surface and also by simple contact 
of the discharges with the skin, the micro-organism apparently enWring by a 
hair follicle. This aiito-inoculability of boils is apt to be overlooked. 

Comlitions of debility, j)ro8umably by lowering resistance, pn'dispose to 
boils ; the subjet‘ts of diai>eU'S are es|K‘cially liable to them, the saccharine 
state of the bhxKi or secr(‘tions 8<‘eming to be particularly favourable to gro\vi;h 
of the specific germ. In the tropics, boils are the frecjuent ac(‘ompaniinent of 
and WMpiel to malaria. 

Treatment. -Boils ought never, unless in very exceptional circumstances, 
to be fK)ulticed. P()ulti(*ing. although it may relieve the pain of the existing 
l)oil, is apt to l)e follow(*d by more boils in the area made sodden by the heat and 
moisture. Nor should boils be incised (»r 8(pieezed. The only exception to 
the rul(‘ of not cutting is a boil in the 8(‘alp or axilla. In the former situation, 
unh*ss o|M*n<‘d early, they are apt, es|K*cially in young children, to burrow and 
cauw' troublesome abst‘ess<\s ; in the latter situation boils tend to be very indolent 
and painful, and do not readily break through the lax integuments. 

In any situation in which the boil is liktdy U) be irritated by pressure or 
clothing, it is somedimt^s a g(H)d plan to eov(*r tlu* })art with a circle of wash- 
leatluT spri'aii with ,soaj> fdaster and having a small hole cut in its centre corre- 
sjK^nding to the a|H‘X of the boil or, under mod«*rn conditions, with a specially- 
prepared ehuHtt)plast strij). When a boil ofKUis, the tlischarge must be kept 
from soiling the a<l joining skin, and the patient must be warned against touching 
the skin elsewhere with pus-soiled fingers. The ])arts must be freciuently cleansed 
with 1 in 1,(K)() corrosive sublimate lotion, pc^wdered with boric acid, and covered 
with a dry, absorbent antisc*ptic dre.ssing. A thrv'atening boil may often be 
aborted by touching the little initial itching or vesiculated jmpule with some 
fienetrating anti84‘ptic. such as itxline tincture, or by painting it with collodion. 
A very successful method is to drill slowly into the centre of the papule with a 
lK)inted jKMJcil of hard wo<kI dipjxal in pure carbolic acid. The point of the 
IKTu il should {smetrate at Icivst an eighth of an inch, and should be frequently 
recharged with the acid during the drilling process ; the pain is trifling. In 
this way, in a severe attack of furunculosis, boil after boil may be aborted and 
the atUck brought to an (‘nd. In obstinate chronic furunculosis excellent 
results have oe<;asionally attendtal treatment by injections of an autogenous 
vaccine commencing with a dose of fifty millions and working up to three hundred 
millions of organisms. 

The effect of various sulphonamides and jamicillin on pyogenic suppuration 
is now iMung noBnl. 

In sulphathiazole, given in full doses of 3 grm. {xr diem, we possess a st)ecific 
for some oaw's of stiiphylocoecal suppuration. 

BKMPiimuH (kiNTAOiosus (Pyo.sis Mansoni) 

Geographical distribution. -Pemphigus contagiosus is very common in 
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South China during the hot weather ; in some years it may even be described 
as epidemic. It is }M'rennial in the Straits Settlements, and it is known in 
C’eylon, Madras, in North Queensland, Japan, and America. European are 
more liable to it than native cliildren ; Euroj)ean adults are by no means exempt, 
but the native adult is rartdy affected. 

iEtiology and pathology’. —Like impetigo contagiosa, this is undoubtedly 
a germ disease, caused by streptococci and staphylococci. Manson originally 
found a diploc<x*cus in epidermis and in the fluid of the blister. 

S3rmptoms. — Pemphigus contxgitwus closely resembles certain forms of the 
inn>etigo contagiosa of tem|xmite countries, and is probably a variety. The 
individual lesions, as can readily be ascertained by inoculation ex]KTiment8, 
begin as minute erythematous s|)ecks, which rapidly proceed to the formation 
of vesicles, bulla\ or even large |)(»mphigus-like blisters. 

Pem]>higu8 contagiosus may occur in almost any part of the IumIv. In young 
children it is usually diffuse ; in adults it is mostly confined to tlu‘ axilla' and 
crutch. 

Diagnosis. — Absemce of constitutional symptoms, or of a liistory of such, 
di.stinguishes ptunphigus contagiosus from chickenpox. Absence of trichophyton 
elements, and of a welLdefined, slightly raid'd, fe.stcsxied and itching margin, 
together with the presence of large bleb.s and scaling of the e])idermi8, dis- 
tinguishes it from ordinary forms of body ringworm — a disi'as<* with which, 
when occurring in the armpits and crutch in adults, it is frequently confounded. 

Treatment. — Cleanliness, the frequent ufw? of a corrosive sublimate lotion 
(I in 1,(X)0) and a du.sting-jK)wder of €*qual |»arts of boric acid, starch, and zinc 
oxide, or ammoniated mercury ointment are .sjx't ially (*ft‘ective. Sulphonamide 
compounds, esfxcially sulphapyridiiic in full doses of 3 grm. daily to an adult, 
were found effective by Earle. In the sclux)! and nursery those n'sfxmsible 
for the care of children must be inf(»rmed (»f the (!ontagiou8iK*8S of this unpleasant 
affection, and measure's must be instituted atrordingly. 

C’RAW'-CraW’ and riXERATIVE DERMATITIS 

S3monym. Nodular IXTinatitis. 

S3rmptoms. — Tlic term craw -craw i.s very loofs ly applitxl. Fhnily (h'scrilxHi 
under this name a jiapulo- pustular skin affection which i.s common in c<*rtain 
|)art8 of tropical Africa and is often the cause* of much suffering to the travtller. 
It, or a similar dis€*as«', is by no means confined to Africa, for it is wen in |Mitient8 
from ( evlon and India, and Mans*)!! was at one time very familiar with it in 
South China. I'he dis«'a«€‘ begins a« an it<'hing ]>apule, very |K>8sibly at the 
sc*at of a mewquito-bite. The itching provokes 8<'rat<'hing, w hercdi^' sorrlc form 
of pyogenic micro-organism is inoculated. Pustulation follows, and is spread 
over feet and legs by scaled sho<*8 and stockings, and by aut<i-inoculation. In 
this way an ulcerating, pustulating dermatitis is kept up. 

In the exudate of these {>apules O’Neil .originally found small filaria embryos 
which resembh'd the embrj'o of Arantkfjch^ilonffwt ftemiunn. Jlnimpt did not 
l>elieve that these* are examples of the embryos of Onchorerm as was 

affirme*d, but fxissiblv they are the same os the microfdariie dt'S<tril>ed by Macfie 
{see p. 938). 

Diagnosis. -The hard, homy jiapules of craw-craw have to be differemtiated 
from scabies, w hich is common in African natives. They have also to Ix^ dis- 
tinguished from the lichenoid eruptions (aumxi by microfilaria volvulus (p. 741). 

Treatment. -Emily descrilaxl a very efficient titmtment. I*usiules art* 
o{x*ned, crusts removed, and ulcers scraped. Boric-acid powder is then dusted 



PARASITIC AND ALLERGIC DERMATITIS 647 

freely on the parts after a thorough scrubbing with sublimate lotion (1 in 1000) ; 
borated vaseline is applied on lint, and this is covered by absorbent cotton 
and a bandage. The dressings are not disturbed for a week, when the parts 
will be found soundly healed. Similar auto-infective diseases, so common in 
the tropic‘8, may l)e treatc‘d by prolonged soaking in a warm carbolic -acid lotion 
( 1 in 20), followed by dry dressing with boric powder. Infectc'd slippers, shcjes, 
and stockings should be destroyed. 

III. -PARASITIC DERMATITIS 
(’ercarial Dermatitis (Schistcjsome Dermatitis) 

Cort in Michigan (U.S.A.) in 1928 drew atUuition to a special kind of dermatitis 
pnKluced by Ctrcarin elxnr, and C. doutkitti was soon afterwards found to cause 
similar lesions. In England and Wales dermatitis after bathing in ponds and 
reservoirs has been noted by Math(*8on, Taylor and Raylis as due to C, orellaUu 
a form eloH<*ly allied to C. elvit. The ccTcariae burrow in the skin, where their 
h(‘ads Ixvorne arresU‘d and cause a pustular eruption. All the.se cercaria* are 
derived from different s|K*cies of snails, es|K*cially Lj/mnaa ocellaUi. (\ pIv<p 
and ('. onll/ita are large t*c*rcaria‘ nearly 1 mm. in hmgth overall, twic<‘ that 
of the bilhar/,ia ('crcarite ; the tail is bifurcate<l and all possess two suckers. 
(’(Tcarial d<Tmatitis is commonly known as “ se<lg(‘-jHK)l itch " or ’‘swimmer's 
itch," and takes the form of an itching ma( ul(»-urticarial dermatitis, later 
becoming papular or pustular; it may be, after a f<‘w days, actually exan- 
thematous, It is always conneeteil with paddling or swimming in infected 
waters a f<‘W days previously. A somewhat similar dermatitis is noted in 
assoeiation with eercarial {Hmetration in Bilharzia hnmatobia and H. mansoui 
infections. 

IV. ALLERCIC AND TOXK’ DERMATITIS 
Pyrkturi m Dermatitis 

Pyrethrurn dermatitis has been noted in Kenya, and is caused by the leaves 
and flowers of ('hrifsanthrmum cinerarifffoliutfK which grows at altitudes of 
r><tO 7000 feet and flowers throughout the year. The pyrethrurn content is 
1-2 |KT cent. Absorption is facilitated by constant sweating, and e.xpbsure 
to sunlight greatly exacerbat<‘s the lesions. Some |)ersons on contact e.xhibit 
mcrt‘ly a local dermatitis ; others show' a widespread allergy. Itcliing commences 
at the corners of tin* eyt'S. and is followed by lachrvmation, an in*itating vesicular 
rash, |H*eling of the skin, and formation of painful fissures. 

Poison Ivy Dermatitis (Dermatitis Venenata) 

Many tropical plants cau.se dermatitis w hit'll may assume an erythematous, 
vesicular or urticarial form. Intimate contact with the plants or its leaves is 
lU'ct'Hsary. Poison ivy {Rhus toriciHiendron), jioison sumat' {R. vernix), poison 
wtKxI {Melopium ioxiferum) in North Eastern and Southern Ignited States 
cauw? intense <lermatitis. Rejx'ated attacks do not prcKluce immunity. The 
venom is toxicodendru!, freat merit consists of washing the skin with soap and 
water; alcoholic or oily solutions must be avoided. Plot lies must be decon- 
taminated by immersion in 1 j)c»r cent, calcium hypochloriU' for twenty minutes. 

Other Forms of Dermatitis 

Several other plants and flow^ers may cause severe allergic dermatitis, such as 
eypri|)ediuni (lady's sli[)jK'rs), K u phorhia ^ primroses, lilies and vanilla beans ; 
sometimes also inangts's and, in Ja|)an, laetjuer made from Rhxts vernicifera, 
Iroko dermatitis. -Idiosyncrasy to wood dust is not uncommon. Iroko 
is a trade name for Chlorophora cxee/so, a tree of East and West tropica^l Africa, 
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and known as African teak. The dust produces the usual signs of allergy, with 
skin irritation, oedema of face, blepharospasm, acute coryza and pharyngitis. 
Other woods, such as satin wood, teak and mahogany, also produce allergy 
in susceptible persons. 

V.— CLIMATIC SKIN DISEASES 
Prickly Heat 

Synonym. Climatic hyperidrosis. 

IVickly heat, or, as it is sometimes called, lichen tropicus, is probably a form 
of miliaria (not of lichen) connected with the excessive sweating incident to 
the heat of tropical climates in association with high humidit\'. It therefore 
occurs especially in the Red Sea, Persian Gulf, the jilains of India, in Eritrea 
and Somaliland ; in the New World, in Panama and in northern parts of South 
America. 

AEtiology. — According to Pollitzer, the mechanism of its pnxluction dc{)end8 
on the non-coniification of the cells of the stratum corncum, the individual c<‘11h 
of which, in con8t*c|uence of being 8<xlden by constant perspiration, swell, and 
so obstruct the orifices of the sweat-glands, thereby leading to accumulation 
of sweat in the ducts. The blebs and bulla* are due to breakdown of fuiK’tion 
in the second form of sweat glands of the skin, es}M‘cially tlu* large coil sw't*at 
glands localized to the axilla* and genital regions. The miliary rash, commonly 
know n as prickly heat, is due to dysfunction of small sweat glands, and a [K*m- 
phigoid condition due to dysfunction of the large sweat glands. 

In scales obtained from the lesions, E. C. Smith demonstrat(‘d yeast -like 
budding forms and branching mycelium of a s])ecies of Oidium, hut tliis 
probably repre.sents a seci>ndary infection. 

Symptoms. — Many Euro[)eans in the tropi('s suffer from prickly heat, 
particularly during the earlier years of residence. Some ii(*vcr seem to 
lH*come acclimatized, but continue year after year to c^xliihit their crop of 
prickly-boat h^sions when the hot season comes round. 

Though sufficiently annoying in the robust an<l healthy, |)rickly heat is 
not a grave affair. It is otherwise in the invalid, d(*licalc* sickly children, 
hysterical and, especially, parturient women ; to tht*se it may [)ro\’e, by 
interfering with sleep and provoking re*stlessness, a very serious mattc-r. 

Prickly heat consists of a miliary-like enqdion, generally most profuse on 
those part.s of the Ixxly, as around the waist, which are closely covered with 
clothing ; hut it al.-^o occurs on the* hacks of tla* hands, on the* arms, legs, 
forehead, occasionally ihet fa<*e, th*r scalp, in fact on any part of the sur- 
face of the body except the palms and .sok*s. The minute, shining, glass-like 
vesicles, and the numerous, cIose*ly-se‘t, sliglitly inflame*d papule*s, give* the? 
skin a feeding of he*ing thickly Hprinkle*d with grains of sand. The <*ru[>(iol» 
may continue* fe)r months on end, Ux-oniing lMdte*r or wiirse aceureling to 
eircurn8tancc*8. The pricking and itching are* often e*xce‘edingly distre*ssing. 
Anything leading to fH*r8piration imine*diate*ly provokes an outburst of this 
almost inte>le?rable itching -nothing more c<*rtainly than a cuj) of hot te*a or 
a plate oi hot soup. Long drinks, exposure te> thei hot sun, close rooms, 
warm clothing, all aggravate^ the distreiss. As soon as the we^ath^^r beceunes 
coed the eruption and the? irritation <|uickly subside. 

Blomfiedd (1948) divided the feirnis of prickly hciit clinically intei (1) 
miliaria, (2; multiple IkuIs, (8) inipetigiiions, (4; peinfdugous, (5) pustular 
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with fungous infection. A special and distinct form of boil develops, con- 
sisting of insidious, painful blisters, especially on the fingers. These are 
deep-seated whitish swellings, very often with paronychia. An impetiginous 
rash is a frequent concomitant infection. 

A very severe form consists of very painful symmetrical crops of blebs 
and InillaB in armpits and crutch. The bull® are filled with thin pus, and 
are surrounded by a bright red ring of acute inflammation. 

Th(* petnphigoid state is a late stage of the disease, and is often compli- 
cated by secondary fungous infection. 

Treatment.— Manifestly, the most important thing is the avoidance of 
all causes of perspiration — particularly tlie copious consumption of fluids, 
es{)ecially hot fluids— moderation in exercisi*, avoiding sea-bathing, close 
rooms, warm clothing, and so forth. A towel should be carried to mop up 
sweat. I'he sleej)ing-mattress and pillow should be covered with a finely 
wov(*n grass mat, and the IkhI provided with what is known in the East as 
a “ l)utch wift* ’’- that is, a holl(>w' cylinder, 4 ft. by 8 or 10 in., of open 
rattan work, ov(t which the arms and legs can be thrown, and unnecessary 
a[qu»siti<ui of sweating surfaces so avoided, A punkah at night is a great 
comfort. Afridol soa[), containing oxymercuriotoIuylat(» of sodium, in 
which mercury is in non-ionizable form, can be recommended as a preventive 
and a curative measun?. The soap is powerfully germicidal and should be 
used twice daily with warm water. A firm latlier should be produced in warm 
watiT and ap])Iied to tlie arTected parts. The lather should be left to dry 
on the skin for a (piarter of an hour so that it can exercise its full effect, 
after which time it can be thoroughly washed off. When this is unpro- 
curabl(‘, hydrarg. perchlor., 1 in 1(KK) solution, may be us<*d, followed by 
b»>ric acid, calaniim* and zinc oxide in equal |)arts as a dusting powder. 
Midgl(‘y’s “ Medist)aps ” are also recommended. t*specially one containing 
20 per cent, carbolic acid, and a st»cond containing mercury biniodide. 
Every bathroom in the tropics should be provided with some mildly astrin- 
gent and antisej)tic dusting ptjwder. A v(*rv good one consists of equal 
parts of boric acid, oxide of zinc, and starch. This should be freely applied, 
after careful drying of the skin, particularly to the axilhe, the crutch, under 
the mamnue in women, and ludwwn tin* folds of skin in fat children and 
adults. A simplf* pr(*caution of this sort savt*s much suffering both from 
|)rickly heat and from epiphytic skin disease. Huge recommends rice 
[K)wder containing a little demiin. 

The fre(}iu‘nt application of a salicylic-acid (1 dr.) and s}>irit (8 oz.) lotion 
has been advis(Kl. Hc'arse strongly recommends the inunction of a mixture 
of almond oil and lanolin in the proportion of 8 to 1. Some consider thin 
flannel a b(*tler \\vi\r than cotton or linen as a preventive of prickly heat. 
Sometiin(*H tin* following powder, gently rublx'd in for five or ten minutes 
w ith a damp sponge, will cure bad patches : sublimed sulphur, 80 parts ; 
magnesia, 15 parts ; oxide of zinc, 5 parts. Calamine lotion, with or 
without hydrocyanic or carbolic acids (2 per cent.), relieves the itching 
and is strongly recommended. 

Tno PI CAL Cn kiuopom ph ol yx 

This name is given to vesicular eruptions on the hands, fingers or feet. 
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In the majority of cases these are due simply to eczema ; others are signs 
of dermatitis due to external irritants, or are toxic eruptions due to ring- 
worm infection of the toes. Owing to the thickness of the horny layer on 
the hand, the vesicles cannot rupture as they would elsewhere, and remain 
in the skin for days like grains of boiled sago. The best treatment is 
calamine and lead lotion \^nth liquor picis carbonis, and sometimes the 
addition of weekly doses of a quarter of a pastille of X-rays, not more than 
four in all. 

It is claimed by Fitz-Patrick that a distinct form, endemic in tropical 
Africa and India, is caused by an anaerobic bacterium which attacks the 
palmar and interdigital aspects of the hands and the plantar aspects of the 
feet. The following ointment is said to be specitic : 


(yoal tar ....... 3 parts 

Powdered charcoal 1 part 

Zinc oxide . . 4 imrts 

Lanolin and vaseline 12 parts 


The ointment is rubbed well into the affected parts, and cotton gloves or 
socks are woni. In conjunction with this, resorcin soap must be used. 


VI. FUNGOUS SKIN DISEASES 

Dhobib's Itch (Tinka CBriu.s) a no Pityriasis Versicolor 

yEdology and nomenclature. — Hy the lay public all epiphytic skin 
diseases in the tropics — more especially all fi>nns of int<*rtrigo — are spoken 
of as dhobk's (washerman’s) itch, in tin* ladief, probably not very well 
founded, that they are contracted fnmi clothi^ which have ht^Ti con- 
taminated at the washerman’s. Then? are many sources of ringworm 
infection in w^arm climaU*s b€*sides the much-maligned dhobie. 

In the tropics, native children ofL-n exhibit dry, scurfy patches of ring- 
worm on the scalp ; and the skin of the trunk and limits of adults is not 
infrequently affected w'ith red, slightly raised, itching rings, or segments of 
rings, of trichophyton infection. In some cases these ring.n laiclose areas 
that are many inches in diameter. 

Pityriasis versieolar (Tinea versicolor) is also very common in th(» tropics . 
It is the usual cause of the pale, fawn-c(doured, slightly scurfy patches so 
frequently a feature of the dark-skinned bodies of natives# On the dark- 
pigmented skins of negroes, Indians and dark-complexioned Uliines<s the 
patch of pityriasis — unlike that in Europeans and light-skinned Cbincwe— 
is usually paler than the healthy integument surrounding it. The pigment 
in the fungus and the profuse growth of the latter concyeal, as a coat of paint 
might, the dark underlying natural pi^ient of the skin, which, moreover, 
in certain cases seems to affected (either increased or decreased) by the 
action of the fungus. The disease is most commonly seen in young adults, 
is favoured by excessive perspiration, and especially by ffannel underwear, 
and is rarely seen in the aged. 

Several varieties of fungi may lie involved in Ibt? production of pityriasis; 
besides Malassena furfur , the l>f«t-kjK#w*n is M, nmnsonit of which a culture 
m maltose-agar produces black hemispherical colonies, i 
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black patches on the affected skin% The mycelium and spores are refract ile 
with slow buddin". The hyphce are 2-3 /a, the spores 3-8 /x. 

The expression dhobie’s itch, although applied to any itching, ringworm- 
like affection of any part of the skin, most commonly refers to some form of 
epiphytic disease of the crutch or axilla. This infection has now become 
widesi)read in Great Britain and is endemic in many English public schools, 
wlu*re it is spread by infected clothes and water-closet seats. There are at 
least two species of parasite which in the tropics are apt to attack those 
situations, nanudy a trichophyton — Epidermophytm inguinale — and 
Actinomyces minntissimum of erythrasina. 

E. inguinale is peculiar to man only ; it is not easily cultivated, and grows 
slowly. t)n Sabouraud's agar medium it takes a week to develop, and appears 
first as jKiwdery grow'th. The mycelium is 1 (jl in diameter, often fragmented 
into bacillary arthrospores. 



Fif. 117.- -Dhobie^s Itch, symmetrical lesions in groins. 


Symptoms. -The sutTering to which ct*rtain forms of dhobie’s itch give 
ris«‘ is often severe. In hot damp weatlier. especially, the germs proliferate 
activ(*Iy, [iroducing. it may Im». smart dermatitis. The affection begins 
UHually as slightly raised, rounded and elevated papules whieh spread 
lH*riphiTalIy, producing a raised festooned border cov^ered with thick scales. 
The excessive irritation thus set up leads to scratching and, very likely, 
from secondary bacterial invtision, to boils or small abscesses. The crutch, 
or axillns or both, an^ sometimes rendered .so raw and tender that the patient 
may be tumble to walk or even to dress. (Fig. 117). It commonly extends 
l)aekwar(lH on the j>erineum and into the natal cleft about the anus. It often 
affects the skin under jieiidulous brt>asts and occasionally forms patches 
restunbling timm circinata on the thighs. The irritations thus produced 
are usually worse at night, and may ktH*p the patient awake for hours. 
10 veil without treatment, when the cold season comes round, the dermatitis 
and irritation subside spontaneously. The affected parts then become dry. 
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pigmented, and scurfy, and the fungus remains quiescent until the return 
of the next hot weather. 

Diagnosis. — The diagnosis of mycotic dermatitis is usually easily made, 
the festooned margin is almost conclusive. If doubte xists, the microscope 
may be necessary ; but, owing to the inflamed condition of the parts, there 
may be much difficulty in finding fungous elements, even when the case is 
certainly epiphytic. A negative result is, therefore, not always conclusive 
against ringworm. The mycelial elements can be distinguished in epi- 
dermal scales soaked in liquor potass®. It has to b(‘ distinguished from 
seborrhoeic dennaiiiis, intertri(jo and flexural psoriasis. 

Treatment. — The patient should get two pairs of running shorts, which 
should be worn on alternate days, the pair not in use being boiled. After a 
thorough use of soap and water, the application of Vlemi7U'kx\9 solution of 
sulphide of calcium (1 oz. quicklime. 2 oz. precipitated sulphur, 15 oz. 
water, boiled together in an earthenware vessel till reduced to 10 oz. : the 
clear sherry- coloured fluid being decanted after subsidence) every night for 
three or four nights generally brings alK)ut a rapid cure. If the parts are 
inflamed and tender, the solution should be diluted to half- or quarter- 
strength for the first two applications. A preliminary soothing treatment 
by lead lotion, or an ichthyol or hazeline cream, is desirable in such cases. 
A tinctiu^ of the leaves of Cassia alata paint^ed on, or vigorous rubbing with 
the crushed leaves themselves, is equally succt^ssful. If these fail, chryso- 
phanic acid ointment, 20 gr. to the ounce of vaseline, rubbed in twice a day 
until a plight erythema show’s at the edge of the diseased patch, is almost 
invariably successful. \Mxen prescribing chrysophanic acid the physician 
must be careful to inform the patient of its staining effect on clothe, s ; to 
warn him to stop its use as soon as the erythematous ring shows, and to l)e 
careful not to apply the ointment to the face. 

More conveniently, chrysophanic acid may bc» prescril>ed in the following 
form with gutta-percha, and should l)e painted on with a brush on alteniate 
nights. 

Acid, chrysopban. . . . gr.xx (1*296 grm.) 

Chlorof. . . . *3* (3*6 c.c.) 

Liq. gotta-perchie . *51 (28*42 c.c.) 

Cignolin is a synthetic chrysarohin and is us<*ful in all fungoid skin 
affections, in fungus of the nails, cheiropompholyx, and in psoriasis. 
Cignolin is apparently free from toxic action on the kidneys, and in neat 
concentrations it can be applied to the scalp without any danger of con- 
junctivitis. The prescription is cadojel (a proprietary tar pmparation), 
1 grni. ; cignolin, 0*l-O2 grm. ; benzol, 10 grm. H cadojel is not obtainable, 
a suitable fonnula is : 

01, cadin (deod.) . , fl[x\ (2*368 c.c.) 

Cignolin .... gr.iv (0*259 grm.) 

Benzol rect Ji (28*42 c.c.) 

The combination of cignolin and tar follows the indications closely, for 
the former has a parasiticidal action and the latter is unrivalled for its 
soothing properties. 

The method of application is very simple, the affected areas being painted 
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with the solution twice daily and then covered with strips of gauze. If 
there is too much irritation, then the painted areas are further protected 
with a thin layer of Lassar’s paste or calamine lotion. 

The following are the other prescriptions of Cignolin which may be used 
for this or any other fungus aflection. 

1. Cignolin .... gr.x (0*648 grm.) 

Chlorof. meth. ad . . . 5i (28-42 c.c.) 

Ft. 8ol.= Cignolin paint. 

2. Cignolin .... gr.iv (0-259 grm.) 

Zinc oxid. .... 3®® (1*^44 grm.) 

Ol. oliv. ad .... Jss (14*21 c.c.) 

Ft. unguentum. 

3. Cignolin .... gr.ss (0-032 grm.) 

Liq. carb. deU*rg. . . . 3®® (1-176 c.c.) 

Acid, salicyl.. . . . gr.iii (0-194 grm.) 

Paraff. moll, ad . . . J as (15-55 grm.) 

Ft. unguentum. 

4. Cignolin .... gr.v (0*324 grm.) 

lohthyol .... 3®® (1*944 grm.) 

Paraff. moll, ad . . . 5i (31*1 grm.) 

Ft. unguentum 

Hallow (1936) endorsed the value of cignolin treatment in his account 
of 310 ctises treated in this manner. The patient should be isolated and 
kept in clean pyjamas during treatment. For tliree days cignolin, 2 per 
cent, in soft paraffin, is applied with bandages : even if one thigh only is 
affected, lx)th should be treatf^d. At the end of this period, only disinfected 
or non-infected clothing should Ik's worn, and, as an additional precaution, 
iingutmtum acid. Ixmz. should 1 m? applied nightly to the treated areas. 

Tincture of merthiolate (Eli Lilly & Co.) is also effective (p. 655). 

For the ringworms of the thick-skinned natives, linimentum iodi of 
double strength, freely applied, is the best, speediest and most efficient 
remedy, but it is too irritating and painful for the European skin. 

Prophylaxis. — The various forms of crutch dhobie’s itch may be 
avoided by wearing next the skin short cotton bathing-drawers and chang- 
ing them daily, at the same time powdering, after the daily bath, the axillte 
and crutch with equal parts of Imric acid, oxide of zinc, and starch. 

Kingwoum of the Feet (Hongkong Foot ; Athlete’s Foot ; Brocq’s 
Eczem.\ ; Tinea Pedis) 

A pmiliarly intractable infection of the soles of tbe feet, occurring 
especially amongst Europeans, is commonly observed in China and is 
known locally as “ Hongkong foot.” This mycotic infection, as identified 
by Dodd, is believed to be a variety of Epidermophylon inguinale y or, 
according to Beintemar, E. inierdigitale. It occurs especially during the 
summer months and appears as deep-seated vesicles about the inner 
margin of the hollow of the sole, or on, or between, the toes at their proximal 
extremities ; or as a macerated condition of the skin of the interdigital 
clefts and of the contiguous surface ; scaling of the skin with persistent 
and intolerable itching is a marked feature, and it often becomes secondarily 
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infected (Fig. 118). Often a mycotic infection of the nails and the palms 
of the hands is associated with it. resembling Hebra’s eczema marginatum, 
which is said to be due to a special fungus, E.floccosum. A similar condition 
has been described in Turkish baths in England by Whitheld, and in 
swimming baths in the Southern United States, as well as among bathers 
in Holland. As a preventive measure the application of the following 
lotion is recommended : 

Liq. formaldehyd. (40 per cent.) Ji (3-5 c.c.) 

Acid, salicyl 3* (3*5 c.c.) 

Alcohol and water, equal parts . Jviii (227*36 c.c.) 

Care must l>e taken to distinguish the eczema reactions which are 
superimposed upon foot ringworm. Where such reaction is present treat- 
ment must be directed on other lines. 



Fig. 113.— Ringworm of the foot. 


Treatment. — The application of Whitfield’s ointment, after the feet 
have been soaked in hot water, is r<»commended : salicylic acid 1 , bcmzoic 
acid 1, coco-nut oil 12, soft paraffin 16 parts. This ointment must be 
persisted with for three weeks or more. 

Rademacher (1948) recommended the following treatment, which 
has been found most effective during the present w^ur : 25 per cent, sulpha- 
thiazole in talc is dusted on to the lesions daily. Definite improvement 
appears within forty-eight hours. A commercial preparation consists of 
5 per cent. sulphatUazole in a bland ointment and has been found satis- 
factory. All infected areas should be covered with a film of the powder. 
The criterion of cure is the healing of all lesions and disappearance of 
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adherent cutaneous debris. In refractory cases 10 per cent, of powdered 
sulphathiazole is made up with 2 per cent, salicylic acid ointment. The 
course of treatment lasts from two weeks to one month. 

Other authorities favour azochloramide in triacetin, 1 in 500. This 
penetrates some distance into the tissue^s and thus enables the germicide 
— azochloramid(^ — to extirpate the deeper filaments. This preparation 
N-N — dichloroazo-dicarbonamidine, is a complex chlorine compound, 
which liberates chlorine slowly. 

A preparation which can also bo recommended is Merthiolate cream (Eli 
Lilly dr Co.) and also tincture of merthiolate, a solution of merthiolate in 
spirit, which sinks deep into the affected skin and thereby kills off the 
spor(*s of the fungus. 

Fur eczematous complications the toes should be separated by strips of 
gauze, and the foot should bt‘ covered with it and kept constantly wet 
with glycerine of lead subacetate, 1 oz., glycerine, 1 oz. and watt*r to 1 pint. 
This lotion can bo later replaced by Lassar’s paste. If a staphylococeal 
infection is present, dressings of acriflavine, 1 in 20,000, should be applied. 

As an after treatnuMit Maclood recomm“nded bathing or paddling in 
sea- water. 

Infected patients should take careful precautions against the spread of 
tlie fungus, and should wear special slippers in the bathroom. Loofah 
soles and bath towels are recommended as they can be sterilized by 
washing. 

Ah a measure against re-infection the patient may wear cotton toe-caps, 
which must boiled, and he should also have a rubber bath-mat for 
exclusive ]H‘rsonal use. 

IiiNGWOH.M OF THE N.MLS {Thwa Ungidum) 

This is a mycotic infection of the nails and is a comparatively common 
and extremely intractable condition in Europeans, especially in India and 
China ; it may last for twenty yeurs or more. It may occur as an inde- 
pendent affeK*tion, or secondary to ringworm of the skin, scalp or beard, 
and is often found in association with tinea cruris. One or all of the nails 
of l)oth hands and feet may be attacked. The fungus is a trichophyton, 
usually Epidermo'i)hijion inguinale, 

Tho fungus first attacks the epidermis of the nail-bed and gradually 
invades the nail matrix. In doing so it causes considerable discoloration, 
ridging and lissuring of the nail itself, which becomes opacjiu*, with a brittle, 
frayed edge. The fungus may pass from the skin over the nail-fold and in 
this manner reach the matrix. 

Diagnosis. — The appearance of the affected nail is not sufficiently 
characteristic to be distinguished without microscopic examination. The 
disease is generally well advanced before it can be recognized. For micro- 
scopic diagnosis, scrapings of the nail are boiled in liquor potass®, or left 
to soak for twenty-four hours. The scrapings themselves should be made 
as thin as possible with a piece of glass. The fungus can then be recognized 
in the sofl,ened nail debris, especially in small dark hemorrhagic spots. 
The diseases liable to cH)nfusion with ringworm of the nails are eczema, 
syphilis and, especially, psoriasis. 
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Treatment. — In the early stages, when the lunule is attacked, t 
disease may be stamped out by softening the aflfected portion with soluti 
potash, and painting with tincture of iodine or with a 2 per cent, soluti 
of corrosive sublimate in alcohol, twice daily. When the nail is complete 
involved, cure is almost impossible save by extirpation or by avulsic 
The result is, however, disappointing, as the new nail usually beconi 
infected in turn. After removal, the thickened nail-bed should be scrapt 
and the matrix dressed with a parasitical ointment ; 

Acid, salioyl. .... gr.xxx (1*944 grm.) 

Hydrarg. ammon. . . . gr.xv (0*097 grm.) 

Vaseline . . . *51 (31*1 grm.) 

The shedding of the nails by application of X-rays is unsat isfac tor 
Less severe cases are treated by softening the nail-plate by wearing rubl 
finger-stalls containing soft soap for a few days : the softened nail is th 
scraped down as far as possible with glass, followed each time by t 
application of lint soaked in Sabouraud's iodine (iodine 5, potassium iodi 
1, water 100), which should be kept in position by a loose rubber finger-sta 

Tinea Imbricata 

Synon3mi. Tokelau Ringworm. 

Geographical distribution. — The affection is principally met in tl 
Eastern Archipelago and in the islands of the South Pacific, where 
affects a large proportion of the population. It has lieen found to extt*i 
westwards as far as Burma, and northwards as far as Formosa and Fooclu 
on the coast of China. Cases have iHvn rep^)rted from Central Africa ui 
the interior of Brazil. Once introduc<»d, it spreads very rapidly in countri 
with a damp, equable climate and a temperatim* of H(V-90‘^ F. Very hif 
or very low temperatures and a dry atmosphere are inimical to its extensio 

^Etiology. — On detaching a scale and placing it under the micn>sco[T 
after moistening with liquor potasssc, a trichophyton-like fungus can 1 
seen in enormous profusion. The parasite evidently lies Ix^tween epidern; 
and rete, and by its abundance causes the former to peel up. As tl 
fungus does not die out in the skin travelled over, it burrows under tl 
young epithelium almost as soon as the latter is reproduced. Hence tl 
peculiar concentric scaling and the persistence of the disease tlirougho 
the area involved. When the scales are washed off by the vigorous u 
of soft soap and hot water, the surface of the skin is seen to coven 
with brownish parallel lines — evidently the slightly pigmented fungi 
proliferating and advancing under the young epidennis. 

The parasite, said to be of two varieties, EndodtrnuypkyUm amemiricum ai 
E. tiuftcam, can be cultured by immersing the scales in alcohol for five to t^ 
minutes and then placing them, one scale to each tube, in glucose broth. Aft 
five or ten days the scales, if uncontaminated, are transferred to solid medi 
and growth taJees place in three or four weeks. 

Sjrmptoms. — Tinea imbricata may at first be confined to one or tv 
spots on the surface of the body ; usually, in a short time it comes 
occupy a very large area. It does not generally affect the sok^ and palm 
although it may do so ; nor is the scalp a favourite site. Baker remark< 
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that it avoids the crutch and the axillae. With these exceptions it may, 
and commonly does, sweep over and keep its hold on almost the entire 
surface of the body, so that after a year or two a large part of the body is 
covered with the dry, tissue- paper-like scales, arranged in more or less 
confused systems of concentric parallel lines. This arrangement of the 
scales is absolutely characteristic of the disease (Plate XVIII). 

An inoculation experiment readily explains the production of the scales, 
their concentric parallel arrangement, and the mode of extension of the 
patches. About ten days after the successful inoculation of a healthy skin 
with tinea imbricata, the epidermis at the seat of inoculation is seen to be 
very slightly raised and to have a brownish tinge. Presently the centre 
of this brownish patch — perhaps a quarter of an inch in diameter — gives 
way, and a ring of scaling epidermis, attached at the periphery, but free, 
ragged, ami slightly elevated towards the centn^ of the spot, is formed. 
In a few days this ring of epidermis has extended so as to include a larger 
area. 

The scales, if not broken by rubbing, may attain considerable length 
and breadth ; but, of course, their dimensions are in some degree deter- 
mined by the amount of friction to which they are subjected. Usually, 
they are largest l)etwetui the shoulders — that is, where the patient has a 
difficulty in scratching himself. The lines of scales are from J to J in. apart. 

Diagnosis. — From ordinary rifigivorm, tinea imbricata is easily dis- 
tinguished by the absence of marked inflammation or congestion of the 
rings, by the abundance of the fungus, by the large siiib of the scales,by 
the concentric arrangement of the many rings or systems of rings, by the 
non-implication of the hair, and by the avoidance of crutch and axilla?. 
From irhihyosis it is di8tinguishe<l by the conwntric arrangement of the 
scaling, by the peripheral attachment of the scales, and by the presence of 
an abundance of fungus elements. 

Treatment. — The best treatment for tinea imbricata in natives is the 
fr(*(‘ application of linimentum iodi ; its action is said to be increased by 
the addition of salicylic acid, 15 gr. to the ounce*. Limited patches may 
b(‘ treated wdth chrysophanic acid ointment (20 gr. to the oun(*e), or by the 
•more modern preparation, cignolin. Clothes should be boiled or burned. 

Prophylaxis. — Daniels related that tinea imbricata is a comparatively 
rare disease in Tonga, and the natives attribute this to their custom of 
oiling the body with coco-nut oil. Since the Fijians adopted this practice 
the disease has l)ecorne somewhat less prevalent among them. Personal 
cleanlinm, and the immediate and active treatment of any scaling spot, 
should be carefully practised in the endemic countries. Amongst certain 
C(*ntral African tribes, it has never been observed in women, who oil their 
bodies, whereas the men, who do not adopt this custom, are subject to 
the disease. 

In Tahiti the use of chrysophanic acid is now general among the natives ; 
as a consequence, the disease is less prevalent there, than it was only a 
few years ago. 

43 
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VII. SPIROCILETAL SKIN DISEASE AND AFFECTIONS OF 

THE HAIRS 

PiNTA 

S3monym8. Caraate ; Mai del Pinto. 

Definition. — A spirochaptal disease characterized by peculiar pigmented 
patches on the skin. 

Geographical distribution. — Pinta occurs in certain districts in tropical 
America, especially along the river banks — in Mexico, Venezuela, Colombia, 
Bolivia, and in one or two places in Peru, Chile, Guatemala, Honduras, and 
Brazil. 

AEtlology. — For many years this peculiai: skin disease was regarded as 
due to parasitic fungi. Herrejon (1927) suggested that the pinta was pro- 
duced by a spirochete allied to that of syphilis and yaws. Annenteros 
and Triana in Cuba (1938) found this organism in the skin abrasions, and 
Blanco (1938) obtained it by lymph gland pimcture. To this spiroclneto 
the name of S, herrejoni was given. This discovery was confirmed by 
Blanco (1938) in Mexico, by Inate in Venezuela (1939) and by Leon in 
Ecuador, who found the organisms especially abundant in the early 
papules. Brumpt (1939) proposed the name Spirochceta (Treponema) 
caratenm, but the correct terminology should Ihj S. herrejoni, which has 
priority. 

This spirochaete, in measurement as well as in appearance (by dark- 
gnjund illumination), is closely allied to »9. pallida. When first isolated it 

is very active, but its motility decreascM? 
in aixmt twenty minutes. It is 12 to 18 
p in length, and easily stained by silv<*r 
impregnation and by Gieinsa stain. It is 
readily dissolved by saponin and dies in a 

Fig. 119. Spirocbcu herrejoni time in bile. (Fif?. 119). 

(camtciiiii). (A per Leon y Bianco.) Varela claimed that S. herrejoni has certain 

differences fri>m most other spirochflBtes. 
When stained by Oiemsa it has a flexible cylindrical form with pointed ends. 
The turns arc 0*6-1 g in width, 0*4~0*6 p deep and 9-10 in number. 

Animal inoculatunis. — The Venezuela Commission reported that inocu-. 
lations in guineapigs, rabbits and rats were without result, but B«enz 
(1940) in<xjulated the cornea and testes of rabbits with pinta tissues and 
stated that keratitis and epididymitis, resembling those of syphilis, were 
produced. 

Human Inoculationa. — Blanco (1940) demonstrated, by inoculation 
into volunteers that the disease is infeetipus and may be easily transmitted 
when a small amount of serum from a pinta lesion is injected. In syphilitic 
patients an initial papule developed, but the secondary eruption was 
atypical. Positive Wassermann reaetimis were obtained, but not before 
the appearance of the secondary enipticm. The primary lesion differs from 
that of syphilis or yaws in that if is alwap clo^ and does not ulcerate. 
Experim^tal inoculations showed that previous syphilis does not give 
absolute immunity to pinta. 
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Pathology. — The spirochaBtes are chiefly located in the Malpighian 
cells, especially in small areas of acanthosis in the epidermis. A greater 
involvement of the corium has been described in pinta than in yaws, but 
much less than in syphilis. SpirochaBtes may be demonstrated in lymph 
obtained from glands near the lesions. The hair follicles and portions of 
the sweat glands are surrounded by inflammatory cells. The pigmentary 
function is specially affected in pinta, and scanty pigment granules may 
be seen inside the cells of the stratum germinativum ; they are also present 
in other cells of the Malpighian layer and in the melanophores of the dermis. 

Symptoms. — The incubation period in experimental inoculations varies 
from 7-20 days, by which time an initial papule appears. This extends 
peripherally as a squamous, reddish patch, reaching a diameter of 1 cm. 
in a month, and then continues to spread peripherally. Secondary lesions 
appear in crops around the primary papule, spreading to other parls in 
ai)out five months. Progressive hyperpigmentation is then observed ; 
later still, depigmentation, which gives rise to various colours, or vitili- 
ginous spots, ranging over the body. The colour of the lesions in order of 
fre(juency appears to l)e blue, white, mixed, lead -coloured, violet, black, 
red or yellow. The spots vary in size and in shape : round, oval or 
irregular. They are not elevated, but are always strikingly visible (Plate 
XIX) 

In -natural infections the primary lesion is usually on an exposed part, 
jiarticularly the legs and feet and arms, extending to the hands and face. 
According to Blanco, the initial lesion is never seen on the palms, or on the 
trunk. Modem ob8er\^er8 divide the disease into three distinct stages, 
showing different cHnical, serological and immunological features. 

The primary stage occupies the period when the initial lesion is present 
and lasts from five months to one year. The secondary stage is charac- 
terized by skin lesions or papules which are rapidly converted intt) erythe- 
matous squamous lesions (named finiids) and ensues five months to one 
year from the time of infection. In the tertiary, or dyschromic, stage there 
are achromic or pigmentary spots, erythema, keratoderma and superficial 
atrophy. Super-infections may he produced by inoculations at this stage. 
HyiK^rkeratosis of palms and soles, as in yaws, are to be regarded as late 
manifestations. Eosinophilia and an increase of basophil cells occur in a 
high percentage of cases. 

The exact relationship of pinta to syphihs is further complicated by the 
fact that Sapnz in Cuba found aortitis, aneurysm and erilargenient of the 
diameter of the heart and valvular lesions in 28 -8 per cent . The association 
of this skin spimehaetosis with visceral syphilis is of course conceivable. 

Diagnosis. — The characteristic spirochaetes are present in the lesions, 
but obviously it is impossible to differentiate them in their morphology 
from jS. pallida or S. pertenuis, Pinta is often associated with syphilis 
and yaw^s lesions, such as juxta-articular nodules. S»nz found changes 
in the cerebro-spinal fluid in 10 per cent, (increased globulin content and 
colloidal gold curve). 

Depigmented, or vitiliginous areas are common in tertiary yaws and 
syphilitic lesions in the coloured races to which pinta is almost entirely 
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limited. It is obvious that many other skin diseases have in the past been 
confused with pinta. Apparently too many examinations have been made 
for the presence of fuiifji and micro-organisms without proper cleansing 
and disinfection of the skin. 

Differential diagnosis has to be made from leprosy, yaws, syphilis, 
erythrasma, pityriasis versicolor and other epiphytic skin disease's, and 
also from plain vitiligo or leucoderma. 

Treatment. — The modem treatment for pinta is mH)8alvarsan and 
bismuth preparations, as dt'scribed for yaws. The superficial skin lesions 
yield rapidly to salvarsan, but the atrophic vitiliginous spots remain un- 
affect tnl, as in yaws. Tlie Wassermann reacti(m in a proportion of cases 
remains positive after disappearance of the lesions. 

Taiciiosponosis 

Synonym. Piedra. 

This peculiar disease of the hair is very common in certain districts of 
Brazil, Colombia and British (Juiana. It was thought to be confined to the 
inhabitants of these countri»*s, where a considerable proportion (both male 
and female, and apparently of all races) are affected, but it has also b(‘en 
found in West Borneo l)y Kuypers. It has heen observed on the eyelashes, 
beard, and scalp. It is commoner in native women than in nu^n. 

The hairs are dotted over at irregidar intervals with numerous (1 to 10 
or more in a hair 60 cm. in length) minute, gritty nodosities, which feel 
like sand grains — hence “ piedra/' sandy. These, barely visibh* to the 
nakt^d eye, are distinctly ptTCeptihle tf) the touch when the hair is drawn 
between finger and thumb. The affected hairs are land and twisted, and 
tend to produce matting and knotting. The litth* nodosities are very firm, 
but not so hard as the name piedra (a stone) would indicate, IxMiig easily 
cut through with a sharp knife or scissors. They are paler than the hair 
which they surround, or partly surroimd, like a sheath. They are situated 
in the extrafollicular portion and vary from (»ne to ten or more. When 
a comb is drawn through the hair, a sort of crepitatiori is pr<Khict»d, 
doubtless by friction against the hard particles. 

In Brazil piedra is known as far as Bahia ; Horta publish(*d a mono- 
graph there which remains a model of precise ol>ser\ ation. 

iEtiolo^. — Under the microscopt? the excrescences are found to consist 
of a nunjber of spore-like bodies, Trichosporon gigantrum, easily inadi^ 
apparent by soaking the hair in liquor potassa? after washing in (dher. 
Langeron has suggested that the correct na)ne for this parasite should be 
Piedra hortai as he considers that it is probably an epiphyU? analogous to 
certain fungi which grow on the leaves in the forests of Central America. 
The spores are twins, the size of trichophyton spor(*s, and remarkably 
refringent, and are polyhedral from mutual pressure. Together they form 
a sort of tessellated mosaic, the elements of which se<?m to Ih^ held together 
by a greenish soluble cement in which a numl>er of minute bacteria-like 
rods are incorporated. The shaft of the hair— not eroded or affe(;U»d in any 
way — can be w^en intact through the encrusting fungus. T. giganteum is 
easily culiivat«?d on ordinary media. It liquefies gelatin in ten or twelve 
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days. The smallest spores measure 2-5/x, the largest up to 12/Lt. Piedra 
is supposed by some to be induced by the mucilaginous hair applications 
in vogue among the Colombians. 



Fig. l20.~Human hair (magnified) affected with Trkhosporon beigeli. 


Diagnosis. — Although Juhel-Kenuy has given to j)iedra the name 
“ triehomycose nodulaire/' the conditions must not be confounded with 
trichomycosis nodosa, which is a different affection and common enough 
on th(‘ axillary, scrotal and face hair in Europe and elsewhere. Xeitlier 
must it be confounded with trichorexis nodosa, a non-parasitic disease of 
the hair-shaft, which is split up at different points into brush-like bundles of 
fibres, and is thus (*asily fractured : n(>r witli nioniliforni hair, a congenital, 
h(‘reditary, and non-parasitic condition. 

Treatment.- Cleanlines.s, the free use of soap, and the application of 
some ej)iphyticide should sufiice for cure : }>ut should sucli means fail, 
doubtless shaving the scalp would he effectual. 

Tuiciiomycohis 

Synonyms. Trichonocdrdiasis ; Trichomycosis nodosa. 

Trichomycosis is a fungous disease of the hair, found in Central Africa 
and Asia, which in many ways resembles piedra. Tt may produce skin 
irritati(jn and stain the clotlies. The shafts of the hairs, more especially 
those in (he axilla, are attacked. The parasite is Triehosporon Imgeli 
(Ifabenhorst, 1867). This lias htnui thoroughly studied by l\ Vuillemin 
(1902). On the hairs it produc(*s irregular nodosities containing the fungus 
t‘h*ments, t ach 8/x to 5/i in length. In cultures, mycelial formation takes 
place, composed of arthrospores, giving ris(‘ to hlastospores, and in older 
cultun^s to ascosport's. The fungus is easily cultivated on Saboiiraud’s 
medium, or beer- wort. 

This fungus, which was first discovered in London by Beigel in 1862, has 
heim found occasionally in Kurojie, and is quite common in Japan. It may 
attack the beard, and moustache, which may become matted together so that 
they cannot he c^>mbed Out. The affected jvart emits a peculiar odour, as in 
the Editor's case from which the illustrations are taken. (Figs. 120, 121.) 
The hairs have a beaded or nodular appearance and the deposit may vary 
considerably in colour. The disease may spread to the skin and cause severe 
intertrigo. 
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Microscopically, the lesions consist of a mass of polygonal cells, yellowish- 
green to bro^Ti, with a definite cell- wall. The cells of a mycelial thread 

are separated from one another 
by thick black cell- walls, between 
which there is little intercellular 
substance. 

Treatment. — The affected 
hair should be bathed twice daily 
with a lotion consisting of 1 dr. 
of formalin to 6 oz. of rectified 
spirit, reinforced by 2 per (^ent. 
sulphur ointment. The affected 
suiTouiiding skin should be 
rubbed with mercurial ointment. 

VIII. SKIN disp:ases 
CAUSED BY ANIMALS 

The Cuiooer, or Sandflea 
This insect, formerly confined 
to the tropical parts of America 

Blasto^rthrcsporc* (gQO 3^0 g j 

West Indies, appeared on the 
West Coast of Africa for the 
Fig. 121. — FtiiiKiis ekments of T. beigeli, first time about the year 1872. 

Since that date it has spread all 
over the tropical parts of that continent, and even t^ some of the adjacent 
islands — Madagascar, for example. As a cause of suffering, invaliding, 
and indirectly of death from secondary infections, it is an insect of some 
importance. It is now extremely prevalent on the East Coast of Africa, 
and is causing a large amount of invaliding among the Indian coolies 
there by whom it has been introduced into India as far east as Karachi, 
but in no other part. 

The chigger {Tunga penetrans) is not unlike the common fiea either in appear- 
ance or, with one exception, in habit. It is somewhat smaller (1 mm.), the 
head being proportionately larger and the abdomen deeper than in the fioa. 
It is red or i^dish brown. Like the flea, its favourite 
haunt is dry, sandy soil, the dust and ashes in badly 
kept native huts, the stables of cattle, poultry pens, 
and the like. It greedily attacks all warm-bloixled 
animals, including birds and man. Until impreg- 
nated, the female, like the male, is free, feeding 
intermittently as opportunity offers. As soon as she 
becomes impregnate she burrows diagonally into 
the skin of the first warm-blooded animal she 
encounters where, being well nourished by the blood, 
she proceeds to ovulatkm. By the end of this 
jwooess her abdomen, in consequence of the growth 

of the eggs it contains, has attaint tlsa size of a small pea. (Figs. 122, 128.) As 
seen in Fig, 128, the chigger within the e{4dermis enters the stratum lucidum; 



Fig. (IL-Chlntrf 
Impreffitfed female* 

X 10. {Btanehard,} 
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which it invades and pushes before it. The epithelial layer becomes attenuated. 
The parasite becomes anchored in the oorium by means of chitinous excresences 
which stick out into the surrounding tissues. The first anterior and the two 
posterior segments do not participate in the enlargement, the latter acting as 
a plug to the little hole made by the flea on entering the skin. When the eggs 
are mature they are expelled by strands of muscular fibres which intersect the 
abdomen. They fall on the ground and, according to Hicks, the larva hatches 
on the third or fourth day ; the first moult occurs on the fifth to eighth day 
and preparation for pupation on the sixth to seventeenth days. The larva 
pupates at the same time, and the imago usually emerges about the seventeenth 
day. (See also Appendix p. 996). 



During her gestation the chigger causes a considerable amount of 
irritation. In consequence of this, pus may form around her distended 
abdomen, which now raises the inflamed integument into a pea-like 
elevation. After the eggs are laid (according to some, before this process) 
the 8uperjac(‘nt skin ulcerates, and the chigger is expelled, leaving a small 
sore w'hich may l>e infected by some pathogenic micro-organism, such as 
the bacterium of phagediena or of tetanus, with grave consequences 
(Fig. 124.) 

The chigger is not a good jumper and therefore she seldom attacks the 
skin obotHJ the dorsum of the foot. 

The soles (Fig. 125), the skin between the toes, ^ind that at the roots of 
the nails are favourite situations. Other parts of the body are by no means 
exempt ; the scrotum, the penis, the skin around the anus, the thighs, 
and even the hands and face, are often attacked. Usually only one or two 
chiggers are found at a time ; occasionally they are present in hundreds, 
the little pits left after their extraction, or expulsion, being sometimes so 
closely set that parts of the surface may look like a honeycomb. 

Ulceration is common, and may follow removal of the chigger or natural 
extrusion of the egg-sac. The ulcer cominenoes as a tiny pit and, as it 
extends, the sloping edge may develop into septic ulcer. It remains more 
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or less circular in outline, except under the nail or nail inarjrin, where the 
outline is more irregular and a pocket of pus forms underneath it. Chronic 
absorption of pus may lead to thrombophlebitis. . 

Treatment. — In chigger regions the houses, particularly the ground 
floors, must be frequently sw’ept and accumulations of dust and debris 
prevented. The housing of cattle, pigs, and poultry demands the same 
precautions. The floors should often be sprinkled with carbolic water, 
pyrethrum pow^der, or similar insecticide, and walking bare-footed must 
be avoided. A daily bath must be taken, and any chiggers that may have 
fastened themselves on the skin at once removed. They may be killed 
by pricking them with a needle, or by the application of chloroform, 
turpentine, mercurial ointment, or similar means, after which tliey are 
expelled by ulceration. The l>est treatment, however, is not to wait for 



Fig. 124.— Septic lesions of foot caused by chiggers. 

ulceration, but to enlarge? the orifice of entrance with a sharp, clean ncH'dle 
and neatly to enucleate the insect entire. Borne native women, frmn long 
practice, are experts at this little operation. Tlie part must 1 h? dreSH(»d 
antiseptically and protect<*d until healed. Europeans living in an endemic 
district should wear high iKJots. A daily insja^ction of the feet, especially 
under the nails, is advisable. Bh(»uJd any black dot lx? discovered, the 
chigger should at once be removed. 

Prophylaxis. — If avoidable, camps should not be formed in chigger- 
infested spots or in the neigh!x>urhood of native villages. The camping- 
ground should be swept or, if necessary, fired ; the floors of huts and tents 
may be sprayed with insecticides and naphthaline, and native tobacco 
dusted inside boots or shoes. Balfour recommended that the f(^et be rubbed 
thoroughly with a mixture consisting of 5 drops of lysol, or liq. cresoli sap., 
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ill 1 oz. of vaseline. Special attention should be paid to the interdigital 
clefts. Pigs should not he kept in the vicinity of dwelling-houses, as these 
animals are severely attacked by chiggers. 



Fig. 125.— Chiggers in sole of foot. (/>r. C, IP. Daniels.) 


Acaiune Dermatosis 

Several forms of mites inhabiting sugar, grain, or copra may live as 



ABC 
Fig. 126. — Pedicvloidfs ^rntrieo^us, x 80. {After Alcock,) 

A, Male ; a, adult fcuiala ; pre.^ratit feinalo with brood-sac. 
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temporary parasites on the skin of man, and set up an intense irritation 
not imlike that produced by scabies. One of the most familiar of these is 
“ grocer’s itch,” set up by mites of the genus Glycophagus, which are 
common in raw sugar and cause an erythematous rash. Among the copra 
workers in Ceylon and the Pacific islands a similar skin affection is due to 
Tyroglyphtis. “ Grain itch,” an urticarial and papular eruption of the 
exposed parts of*the body, is caused by Pedkuhides ventricosus (Fig. 126, 
A, n, c) in those who handle grain, cotton-seeds, or beans. These mites 
give rise to a severe pruritus. Preventive treatment consists in the applica- 
tion of 5 per cent, beta-riaphthol ointment, and dilute carbolic acid to 
kill the mites. 
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CHAPTEB XL 

TROPICAL PYOMYOSITIS—RHINOSPORIDIOSIS— RHINO- 
SCLEROMA— AINHUM— BIG HEEL--ONYALAI— CHIUFA— 
TROPICAL ENSINOPHILIA 

I. Tropical Pyomyositis 

Synonyms. Myositis Punilenta Tropica; Tropical Myositis; “Bung- 
pagga” (Patton). 

History and geographical distribution.— In 1912 H. H. Scott described 
this disease in Jamaica. Deep intramuscular abscesses were associated with 
pyrexia, and a striking feature was the hard swellings set up by enormous collec- 
tions of serous fluid. A small bacillus was isolated, which was named B. aerofaciens. 

In the same year Kiilz found intramuscular abscesses very common in the 
Cameroons ; and in Duala, in 1907-1908, out of 386 natives, 18 were operated on 
for intramuscular abscesses, and out of 86 Europeans, 5 were thus treated. 
In natives absce^sses w^ere multiple ; in Europeans usually single, and they 
varied in size up to that of a hen's egg. He believed that they w ere secondary 
to Loa loa infection. 

In 1913, Wise and Minnett in British Guiana described what was obviously 
the same condition, and they failed to find remains of adult filarisB ( Wuchereria 
bancrofii) in the pus, though filaria embryos were discovered in seven. Re- 
currence of abscesses in the same patient was a feature of the disease. In most 
instances streptococci were isolate from the pus. 

Ziemann ( 1913) described an exactly similar form of intramuscular suppuration 
in New Guinea, and claimed that already, in 1904, he recognized the disease as 
one mii generis as distinct from suppuration w ith filariasia. In 1917, E. L, Walker 
re|K)rted upon oases from Brazil. CJorames in 1918 met it in French West Africa, 
where it had previously been noted by Bouffard. In 1922, Laigret and Lefirou, in 
French Equatorial Africa, remarked u})on the deep chocolate colour of the 
pus, almost rt'sembling liver-pus. Tanon and Jamot (1926) found it common 
in the Cameroons during the 1914-18 w^ar, when it was known as “ lambo lambo^ 
Summaries of our knowledge on this subject have been made by Appel (1921) 
from the German, and Connal (1930) from the British view-point, and Gibler 
(1922) gave further details of pyomyositis in Northern Australia and Papua, 
and James in the Solomon Islands. Van Steenis (1931) recognized the same 
disease in Java. P. A. Buxton (1928) published a very complete account of 
myositis as he observed it in Samoa, and was convinced on setiological grounds 
that myositis is distinct from the deep suppuration sometimes observed in 
filariasis. It is of considerable importance in Samoa, and was observed in 
Europeans, Samoans, half-castes, Chinese, and Melanesians. He found that 
pulmonary complications were not infrequent, abscesses were invariably intra- 
muscular, suppurative and non-suppurative lesions were common, while Staphy- 
lococeus aureus was the organism responsible. Grace and Grace (1931) investi- 
gated an outbreak, which amounted to an epidemic, in the island of St. Kitts. 
The outbreak affected more than 300 individuals, with a death-rate of 10 
per cent. Some oases resembled septioiemia. The Mitor has treated cases in 
Europeans, Chinese, Japanese, Indians, Negroes and Polynesians. 
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Etiology. — The infection was regarded by Pa wan as secondary streptococcal 
and staphylococcal infection in filaria-infeoted subjects. Grace thought that the 
causal organism w^as a hjemolytic streptococcus derived from the throat. Von 
Borniaiin thought that the organism was a hseinolytic staphylococcus, usually 
S, aureus, less commonly S, albus, Erasmus in East Africa found the former 
most frequently. In the Editor’s experience these two organisms are responsible, 
though occasionally Streptococcus pyogenes is found. 

The site of entry is uncertain, but dissemination appears to take place by 
the bloodstream, for the lymphatics and lymph glands may show no sign of in- 
flammation. 

Associated infections . — Pyomyositis is more apt to occur in jjersons who are 
debilitated as the rt*8ult of some other longstanding infection. In the Editor’s 
experience this has been either ancylostomijisis, malaria, and, in a prof)ort.i(in, 
s^-philis. In his series of cases the Wasst^nnann rt*action was fjositive in TO pt»r 
cent. One of the chief aims of treatment should be the eradication of these 
concomitant infections, and, wherever nei'essary, antisv[)hilitic treatment 
with salvarsan and bismuth should be instituted. 

Symptoms. — Several types may be distinguishc‘<l. 

Acute nonsuppurative stage . — An indurated, tender, ill-definid mass can be 
felt in the affected muscles w here the patient complains t)f ]>ain. I’here is usually 
slight pyrexia, with infiammatoiy' reaction o%'er tlu* neighbouring tissues and 
pitting oedema. On incision the tissues art* oedemiitous, whilst the regional 
lymph glands are usually enlarged and temder. 

Acute suppurative .?togp.~The clinical featur(*H are those of a deep-»t‘ated 
abset^ss, and, on incision, large collections of [)us in tlie affecUd nmscles are 
evacuated. The abscess cavit 3 ' is loculated, raquiring a wide incision and the 
breaking dowm of septa forni^ of dense indurattd miisck*, or fibrous tissue. 
The numerous sloughs in the cavity art* characttTistic. Thew* alisct^sses occur 
in widely separated sites : in the thigh muscles, })ecU)raliH majtw, st'iratus magmis, 
latissimus dorsi, gastrocnemius, flexor mtistdes of arm and ilio^moas and internal 
oblique. Generalised septicaemia may result. 

Chronic idtsoesses have l)een rc*cordtd in the adductor magntis. 

Diagnosis. — The diagnosis f>yoinyositis should not pr(»s<*nt any great 
difficulty, but it lias to lie (lifTi reiitiateil from gummatoiiB suppuration, 
filarial ahsces.nt^, glanders, melioidosis, rheumatic noduh*H and swelling, 
ostmtis of femur, c(»}d abscesses of sacro-iliac joint, septic mastitis, peri- 
nephric abscess and fibrosarcoma. 

Treatment. — The course of events is well illustrated by the of a Kuro|)ean 
from British Guiana who was treated in 1931. 3'he illni^ lasted over one year 
and began as external l>oils, mf)8tly in the fix-t and arms. »Soon he suffeit'd from 
febrile attacks, associated with rheumatic-like stiifni-ss of the musck‘s. Small 
hard nodules were noted on the leg, thigh, js»ctoral and submaxillary regions. 
Stififness of the legs was caused by diffuse indurated swellings in the extc*nsor 
muscles, which were due to serous infiltration. l>uring the seven months he 
was under the Editor’s care no less than fifteen inflammatory swellings appeared 
in various parts of the body, associaUfd with stiffness, |>ain, and pyit^xia. The 
extensor muscles of the thigh were the seat of several large abscess<*s. The 
Wassermann rea<rtion was positive. There was a moderate leucocytosis of 1 5,(K)0- 
19,0CKk From time to time inflammatory periosteal nodules appeared which 
could be demonstrated by X-rays. Thert^ was synovitis of both kne€*-j<»mts. 
Eventually, a large abso^ appeared in the right fieetoralis major muscle, 
leading to partial necrosb of the eighth rib, which had U> be reseHed. The 
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organism responsible was Staphylococcus aureus. The patient eventually re- 
covered after eight surgical operations and prolonged antisyphilitic treatment 
with bismuth and neosalvarsan. Combined treatment with a vaccine of Staphy- 
lococcus pyogenes aureus was fairly successful. Earle thinks that surgical treat- 
ment is best, combined with intensive sulphonamide therapy, especially sulpha- 
pyridine and sulpha thiazole. 


II. RHINOSPORIDIOSIS 

Definition. — A disease due to a yeast-like organism, Rhinosporidium seeberi, 
which infects the mucous membrane of the nose, producing nasal polypi and 
tumours on the cheek, conjunctiva, lachrymal sac and uvula. 

History* — R> seeb^ri was first described in Argentina (1896), and considered 
to be a protozoon allied to Coccidium, Subsequently it was found in nasal 
jK)lypi by O’Kinealy in 1903, when the organism was described by Minchin and 
Fantham. Ashworth (1923) thought that the organism is probably a yeast, or 
phyeoinytM'te. 

This parasite has now been recx>rded from India, C^*ylon, Argentina, Uganda 
(Mowat and Hennesey, 1941), and the United States. 

i£tiology. — HhinosjMiridium seeberi (Wernicke, 1903) is a spherical or oval 
non-motile organism which occurs in poly[K)id growths, usually lying between 
the connective-tissue cells. The earliest stages are about 6 jx in diameter, with 
a chitinous envelope, vacuolated cytoplasm, and vesicular nucleus containing 
a karyosome (Fig. 127, a, b). When fully-grown, the cyst, or sporangium, 
may measure 0*25-3 mm. in diameter, but when half-grown the nucleus com- 
inenc(‘s to divide by binary fission, until thousands are produced, of which the 
majority bt'come daught<*r-8}K)res, though a considerable proportion remain 
unehangc*d. The fully-formed sfiorangium (Fig. 127, c) finally bursts and 
discharges the spores, whi(’h are enclosed in chitinous envelojH*8 ; they then 



A X 40C) B X 4(M) c X 18(» 


Fit. 127 — Hhinosporidium seeberi. {After Ashworth; by permission of 
Hoy. Soc. of Edin.) 

A, Tropbk tft&ften. n, SiMHlon of u *U 4 r«! with 64 nuclei, 24 of which lio in Uiis section. C, Sj^ran^um 
from wWoh grH»rw» lire beint? (iiiK‘h»nfed,ftax>mpi4iiiod by muooni wilwUiice, tlimiufh a wide orinoe. 
’llw) Onit aiMire* to i«nie (t ht»e near the openinvf^ ore followed by the central ai»ore«. The pwiphe^ 
oporeo Ue in o folrty firm mucoid nmtrix. Stretchinif of the envelope, due to growth of 
nnoranKium, has not only reduced Ite thkkneaa, but has almost caused the diaapiMsarant'e of the 
tnlckened aiinulua round ils> t»ore. 
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spread into the connective tissues via the lymph channels, and on reaching 
suitable spots the trophic stage at once begins and the cycle is repeated. 

Attempts at cultivation proved partially successful in Ashworth's hands, and 
multiplication of the spores took place, but slowly, on Sabouraud's medium. 

The mode of transmission of this parasite is undetermined, but the 
occurrence of a closely related organism, /?, equi» in the nasal cavities of the 
horse is suggestive. 

Treatment consists in removing the polypi from the nares by a wire 
snare. Medical treatment does not appear to be indicated, although 
Wright reported that the tumours disappear after intravenous injections 
of tartar emetic. Allen (1936) used neostibosan though it is not always 



Fig. 126.— -RbfnMclerofna of two ytm* duration in an Egyptian woman. 

(/>r. //. K. Oijfen.) 

effective. A popular native remedy is a snuff composed of tobacco leaves 
and lime. 

III. Rhinohclkroma 

Ehinoscleroma (Scleroma rcspiratorimt) (Fig. 128} is a well-marked 
disease in all its aspects, patholi>gical or bacteriologiciil. It has a world- 
wide distribution, but at the present day is much commoner in the Tropics 
than elsewhere- It takes the form of spontaneous, painless, and exex^edingly 
chronic inflammatory growths f>cciirTing at any place in the respiratory 
passages from the ncmtrils to the hiJiira of the lung. Gross deformity of the 
nose, or narrowing or distortion of the r^piratory passages results. Some- 
times there is perforation of the nasal septum with total destruction 
of the uvula. The process extcmds along the respiratory passages with 
little change in the surrounding tissues ; on' the whole, it tends to form 
metasiases wth enlargement of the neighbouring lymphatic glands, but, 
in spite of this, the general health and condition remain unaffected. 
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Geographical distribution. — Rhinoscleroma is spread over widely 
distributed regions in special nests, or foci, but occurs all over the world. 
The most extensive region is in Eastern Europe, in Hungary, Poland, the 
Ukraine and the northern shores of the Black Sea and Caspian. Other foci 
have been noted at Tomsk in Siberia, in Turkestan, Bengal, Java, Sumatra, 
central and southern France, Morocco, Egypt, North America (in New 
England states), Cuba, Mexico, Panama, Colombia, Brazil, Peru, and Chile. 

^Etiology. —The cause of rhinoscleroma is undoubtedly the Bacterium 
(Klebsiella) rhinoscleromatis described by V. Frisch in 1882. It is closely 
related to Bart, jmeumonice, and is usually Gram-negative. It is easily 
cultivated, and forms knob-like colonies on gelatin or agar, greyish on the 



Fig, 129. — Rhinofcieroma : Photomicrograph of tissue, showing Mikulicz cells 
and general histological picture. (Dr. H, K, Qiffen,) 

whole, and less conspicuoiis than B. pneumonice. It usually coagulates 
milk, and forms acid freely with lactose. In sections, it is found in hard 
fibrotic swellings in the nose, scattered throughout the mucosa and sub- 
mucosa. It has so far been foimd impossible to reproduce the lesions by 
inoculation, either in man or animals. In fact, it exhibits a very low 
order of pathogenicity for laboratory animals, with the exception of mice. 

It has to be differentiated from other encapsulated pneumococcus- like 
organisms in the nose. 

Pathology. — Rhinoscleroma is characterized by a peculiar form of 
plagma«oeII mfiltration of great density, and by gaps or “ fat-cells,” which 
are found to consist of swollen c^lls with foamy cytoplasm {” foam-cells ” 
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or “ Mikulicz cells (Fig. 129). Very frequently, also, there are hyaline- 
drops or Gram-positive “ KusselFs bodies,’* which occur in all kinds of 
degenerative tissues, and are probably derived from the plasma cells. The 
rhinoscleroma nodule is known as plasmoma (Unna) ; it never breaks down, 
but becomes progressively sclerosed. 

Treatment. — The treatment is mainly by plastic operation to remove 
the unsightly outgrowths. 

Various other methods, the most important of which is X-ray therapy, 
have been tried. Intravenous injection of tartar emetic, as in bilharziaais 
or ulcerating granuloma, has lana) advocated by some. It is a curious 
fact that complicating febrile disra.ses, such as erysiptdas, typhoid or 
typhus fever, may caus(‘ Inhaling of rhinoseleromatous growths. This 
has led to a trial of inoculated malaria or t)rotein-shock therapy, with en- 
couraging results. 



Fiz* — Ainbum. 



F(g. Ul.— Aifihutti at its height. 

(Dr. A. B, Filho.) 


IV. An«iiuM 

Thifl is a very fjeculiar diiica^ affecting the toes, f>articularly the little toes, 
of negr^, Ea«t Indians and other dark-skinned ra^-eu, laHh in the Old and the 
New World. The name, derived from the Kago dialect, means “ to saw or 
cut.” 


Symptoms. — The disease comraen<*es as a narrow groove in the skin, almost 
invariably on the inner and plantar side of the root of the little toe. It may 
occur in one foot only, or in both feet simultaneously, or it may affect one foot 
after the other. The groove, once started, deepens and extends gradually 
round the whole circumference of the toe. As it deepens — perhaps though 
not necessarily, with ulceration— the distal portion of the toe is apt to swell 
to a considerable size, as if constricted by a ligature (Figs. 130, 131). There 
is little or no although there may be inconvenience from the liability to 
injury to whiA the dangling and now everted toe is exposed. In the course 
of years the groove slowly deepens, and finally the too drops off, or is amputated. 
The groove may or may not correspond with a joint. In rare instances, after 
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the two distal phalanges have dropped off, or been amputated, the disease recurs 
in the stump, and the proximal phalanx in its turn is thrown off. Of the other 
toes, the fourth is the one which is most frequently affected ; very rarely is 
the third, second or great toe attacked. In the Army Medical Museum at 
Washington, U.S.A., there is a wax model representing a case of this or a similar 
affection, in which all the toes had been thrown off and the disease was making 
progress in the leg. 

Occasional}', the terminal phalanx of the fifth digit of the hand has been 
affected. 

Ainhum is very rare in women or children, being most common in adult males. 
It runs its course in from one to ten or even more years. 

On section, it is found as a rule, though not invariably, that the panniculus 
adi|>osu8 of the affecUni toe is much hypertrophied, that the bone is infiltrated 
with fatty mattt*r, and that the other tissues are correspondingly degenerated. 
Sometimes the bone is thinned, or even altogether absorbed. At the seat of 
constriction a line of hypertrophy of the epithelial layers, and of atrophy of 
the fiapillary layer of the skin, together with a band of fibrous tissue, more 
or less intimaU‘Iy connected with the derma, surrounds, in whole or in part, 
the narrow pedicle. 

Treatnlent. — It has been suggested that division of the constricting fibrous 
l>and would delay the evolution of the disease. In the early stage this might 
be tried. When troublesome, the affected trie should be amputated. It is 
said that the application of salicylic ointment delays the process in the earlier 
stages (Mon‘ira). 

V. Big Heel, or Endemic Hypertrophy or the Os Calcis 

Maclean descril>ed a peculiar form of enlargement of the os calcis w hich he 
observed at Kaziankor, (iold (’oast, among Fantis and Kroos. The disease 
begins somewhat suddenly, lH*ing precedcni by fever, and attended by pain 
and Umdemess which reach their maximum in about a month, gradually 
diminishing during the succeeding one or tw'o months. Concurrently with 
the jmin there is a swelling of the external surface of the os calcis, rarely of the 
other tarsal bones. 

Maxwell reported a similar condition in natives of Formosa. As in Maclean’s 
cases, the }>atients wert* young adults from twenty to twenty -five years of age. 

VI. Onyalai (E.hsential Thrombocytopenia) 

Under this title Massey and, later, Wellman (1904) originally described a 
ix?culiar disease wcurring among the natives of Portuguese West Africa. Since 
then it has be<»n recognized in East Africa, Tanganyika, on the Congo, and in 
Northern Rhodesia, where it is known as “ Chilopa,” “ Kafindo,” or Akembe,” 
(bleeding disease — Wallace). It is not usually seen outside Africa, though Preston 
Maxwtdl in 1901 described a somewhat similar condition in the Fokien region 
of South China. It is charac',terized by formation of a number of vesicles, dis- 
teuided with blood, from J to J in. in diameter, on the hard palate and on the 
inside of the cheeks. Some of them are umbilicated. They differ fix>m 
ordinary blood blisters by the presence of numerous trabeculfie and by the semi- 
cHmgulation of the contents which makes the vesicle difficult to empty. Occasion- 
ally it is accompanied by fever and, although Massey’s original cases, with one 
exception, recovered within a w^eek or ten days, natives regard the disease with 
dread, owing to its reputation for deadliness. 

The majority of victims are young adults. The onset is sudden and the early 
symptoms are lassitude^ general dullness, and suffusion of the oonjunctivsB, 
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with pjrrexia, sometimes of 103-104° F. There is tenderness over the parotids 
and vague pains. These are soon succeeded by widespread hieniorrhages into 
the skin and mucous membranes. In natives the cutaneous haemorrhages are 
most easily seen in the axilla. Stein and Miller remark the constant association 
of cutaneous purpura^ which is easily mi^ed on black skins. Bullse are seen on 
the lips, buccal mucosa, tongue, and palate, the last-named in particular. Epi- 
staxis occurs in practically every case and subconjunctival haemorrhages are in 
evidence^ Bleeding occurs from the bowels as well as from the bladder. At 
autopsy haemorrhagic vesicles are found in the serous membrames, the pleura, 
peritoneum and diaphragm. A common finding is haemorrhagic broncho- 
pneumonia. Usually there are large retroperitoneal perirenal haemorrhages. 
Blackie found involvement of the central nervous system in one of his ceases . 
The bleeding time of the blood is increased, and there is a reduction in blood 
platelets. Normoblasts may be present. The blood sedimentation rate is slightly 
increased. Blackie thought that onyalai is an acute form of essential throm- 
bocytopenia due to defective nutrition. Stein and Miller (1943), who carried out 
a fine piece of work, found that onyalai is not confined, as had been thought, 
to native races. It is quite common in the Transvaal and Northern Bechuanaland. 
In Africa it extends from the equator to 26° south latitude, Johannesburg being 
the most southerly point. They studied 21 cases which could be class^ed as 
mild, severe or acute. The youngest patient was a native female aged 7 months. 
Hsemorrhagic bulls are peculiar to onyalai, and not found in other forms of 
thrombocytopenic purpura, suggesting some toxic factor. The course of the 
disease is aggravate by the menses in women, and response to treatment is 
similar to the acute incipient episodes of idiopathic thromboc 3 rtopenic purpura. 

The diagnosis has to be made from snake-bite, in which hemorrhagic symptoms 
may supervene. 

Blaclde found that the most effective treatment was by blood transfusions 
and by injection of 18 c.c. of donor's blood intramuscularly into the buttocks 
or outer aspects of the thighs, but Stein and Miller found the intravenous route 
better. T^y suggest that splenectomy is indicated in patients who relapse 
after this treatment. 

Vn. Chiffa (“Chikkumbi ” and “Kakynmba”) 

This is a disease resembling acute gangrenous rectitis described in the earlier 
editions of this manual, which has b^n reported from South America. Gilkes 
described cases he had under his care in Northern Rhodesia. It is found iti 
the Luangwa and Lusenfwa valleys at an altitude of 2,000-2,500 feet. Its 
onset is sodden and it runs an acute course. The primary manifestation is 
stated to be a white powdery condition which appears round the anus and gives 
the appearance of ** boracic acid or flour ; in women it covers the vulva as 
well. After a few days this disappears and the patient becomes acutely ill 
with pains in back and neck and a temperature of 104° F. The anus becomes 
relax^ and the rectum can be seen protruding, red and angry. Throbbing in 
the rectum is noted, and constipation is the rule. The inflammation travels 
up the laige intestine until the colon is involved, when there may be diarrhoea 
and vomiting. In women the vagina aImo may affected. 

VlII. Tbofical EosnfOFHiUA 

A new entity was described by Frimodt-MdUer (1940) and Wi^ngaiten (1043) 
in India. This is characterized mainly by spasmodic bronchitis, len^ytosli and 
high eosinophiiia. Itaffectsmostly peqplewholiveby thesea,andhasappaiwiitly 
no r^tionship to any other disease but is thought to be a form of allergy* Tbs 
physical signs are those of hronohial asthma. During the fehrile periods the 
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spleen is moderately enlarged. The most striking feature is massive eosinophilia, 
which accounts for the considerable leucoc 3 rtosis. It may reach 90 per cent, 
and is higher than in any other disease, except eosinophilic leukaemia. The 
X-ray shows disseminated mottlings in the lung, the average single focus being 
the size of a split pea, somewhat similar to silicosis. The disease is benign and 
lasts for years, but reacts to intravenous injections of neoarsphenamine in coui*8es 
of six doses of 1*15 to 0*45 grm. 

This description closely resembles that of Loffler'a syndrome, which is like 
pulmonary tuberculosis (Freund and Samuelson, 1940). The cause is unknown. 
Engel in China (1936) and Koino in Japan ascribe it to allergy from privet 
blossoms, but this has not been observed elsewhere. In some respects it resembles 
pulmonary coccidioidomycosis (see p. 609). 

The discovery by Carter and his colleagues (1944) of mites (Tyroglyphus and 
Carpoglyphus) in the sputum of these patients is interesting, but awaits confirma- 
tion. It is possible that the syndrome may be evoked by sensitization to intestinal 
parasites, such as Asmris or Ancylostxma (see p. 765). 



Section IX.-ANIMAL PARASITES AND 
ASSOCIATED DISEASES 


CHAPTER XLI 

PARASITES OF THE CIRCULATORY SYSTEM : BILHARZIASIS 
(SCHISTOSOMIASIS) 

Definition. — A group of diseases caused by certain digenetic treinatodes 
of the family Bilharziada* which inhabit the venous system of man in 
various tropical and subtropical countries. 

1. Gknito-urinauy Bilhauziasib {Bilharzia hcernatobui) or Schubsomidsis 

Synonyms. Schistosomiasis ; Bilharziasis : Bilhar/ia Disease ; En- 
demic H®maturia. 

Definition. — A chronic endemic disease produced by infection of the 
pelvic veins, particularly those of the bladder, and occasionally those of the 
rectum, by Bilharzia hmmaiohia, the eggs of which, being deposited in the 
mucous inembrtine, give rise to h®maturia, cystitis or other symptoms 
connected with the urinary organs, and occasionally, when deposited in the 
rectum, to muco-sanguineous discharges from tlie bowel. Th “ eggs of the 
parasite are discharged in the urine and, in certain cases, in the fte(*es. 

History. — Haematuria has been known to exist in Egypt since the carli«'>8t 
times, and the eggs of this parasite have been found in mummies by Ruffer. 
Biibarz, in 1851, originally discovered the parasit<\ which was named Bilharzia 
by Cobbold in honour of its discoverer, but until quite recently it was considered 
t^t the generic term Schistosoma of Weinland had scientific priority. 

Geographical distribution .—The eggs of this parasite were identified 
by Harley in X^tal in 1864, and since then the disease has Ixnm foun<l in 
other parts of Africa, more particularly along the eastern side of the con- 
tinent, a .1 far south as Port Elizabeth, and it is common throughout the 
Union of South Africa, especially in Natal. In Central Africa it tx curs in the 
Northern Sudan, Uganda, the Congo, Rhod<*sia and in North Abyssinia ; 
it is met with in West Africa as well, <tspecuilly in Lil)eria and Sierra LiMme. 
In North Africa it is especially common in Morocco, Algeria, Tunis and 
Egypt. It also occurs in Arabia, parts of Palestine near Jaffa, Persia, Iraq, 
Cyprus, in the town of Tavira in Portugal, in Mauritius, lUmnion, and 
Madagascar. A few indigenous eases were reported, over forty years ago, 
from Western Australia. (Map V). 

Precise information about the ravages of bilharziasis in Egypt are forth- 
coming. Scott, as the result of 40,0tK) examinations, found that in the northern 
and easteifi edge of the Delta, reaching as far as Cairo, (K) per cent, of th© 
inhabitants are infected with B. hammiobia, and an equal numlier with R. 
tmnaoni ; in the apical southern half of the Delta, however, though still 60 
per cent, are infect^ with B, hcmuUobia, only one-tenth of that number have 

fnansani. The line between the first and second areas is sharp and defined, 
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Bilharzial disease of the bladder before treatment, and one month after treatmeni 
with sodium antimony tartrate. The yellow nodules In Fiji. I are the deail ovu 
working their way through into the bladder cavity. Fhey d<» not indicate active 

bilharzial disease. 

ili\ permusHm nj Hnt. journ Suf^/ty mi'i hi. ]. li I 

MLHARZIASIS OF THE BLADDER. 
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and does not correspond to any noticeable topographic, hydrographic or demo- 
graphic variation. Moreover, there appears to be no difference in the number 
of planorbis snails, the intermediary hosts of B, mansonif in these two regions. 
In the northern two-thirds of that part of the Nile Valley between Cairo and 
Assiut, B. hcpmatobia infects 50 per cent, of the population, but B. manaoni and 
planorbis snail are absent. In the southern third, where old basin irrigation — 
that is irrigation at flood Nile — stakes the place of the new perennial irrigation, 
B. hcematci>ia alone is present, but infects only 6 per cent, of the population. 
Heavy infection with B, hamtalobia is associate with perennial irrigation from 
high-level canals, which takes the plac^ of flood irrigation, with alternate 
flushing and drying. In the district where 5 per cent, of the inhabitants are 
infecUHl with B, hmnatobia, 1 in 1000 die from this infection : in the Northern 
Deltii district, this proportion rist^s to 1 in 22 (Fig. 248B). 

i£tiology. Parasite, — BUharzia hiPmaiabia is a unisexual trematode. The 
male measures 1 ~1 -6 cm. in length by 1 mm. in breadth ; its cylindrical appearance 
is due to the infolding of the two sides of the body to form a gynaecophoric 
canal. The female^ darker, but longer, 2-2*5 cm. in length, is partially enclosed 
in the gynajcophoric cranal of the male. The parasites live in the blood of the 
|)ortaI vein and its mesenteric branches, but numbers dwell also in the pubic, 
vesical, and uU^rine plexuses. The longevity of this {mrasite is phenomenal, as 
it may remain active and produce viable eggs for more than thirty years. 

The eggs are oval, and are provided at one end with a definite spine. Thej^ 
measure O-lfi mm. by 0-06 mm. Normally they are voided in the urine. 
ex(*eptionally in the fasces. It has been ix>int^ out bv Khalil that the hatching 
of the egg in water is due to osmotic pressure ; a 0*75 per cent, salt solution 
completely inhibits this process. 

Life-history , — On coming into contact with water, the eggs hatch and give 
rise to an active, ciliated embryo or miracidium, which, as a nile, enters a fresh- 
water snail, usually of the genus Bulinus ; in the liver or hermaphrodite gland 
of this mollusc it develops into sporocysts, eventually into active, bifid-tailed 
(*ercaria* which, on escaping from the snail, re-enter man by burrowing through 
his skin. Some oercarice pass through the lung capillaries to the heart and are 
distributed all over the laxly, including the skin. Many are held up and die. 
giving rise to a sttcondary cutaneous reaction with wheals and blotches due to 
lm*aking down of cercarias. Those which get to the mesenteric capillaries of the 
bowel wall reach the portal system where they gn>w until almost sexually mature 
and become paired. They then return against the stream to the mesenteric 
veins to lay eggs. (For further details regarding the life-history of this parasite, 
see p. 890.) 

Pathology. -The changes brought about by the bilharzia vary very much 
according to the degree and duration of the infection (Plate XX). In almost 
every case the walls of the urinary bladder are early affected. All that may be 
apparent to the naked eye at this stage is a certain amouht of injection of the 
small vessels of the mucosa vesioa, and certain exceedingly minute vesicular or 
[lapular elevations of the surface of this membrane. When these minute elevations 
are examined microscopically they are found to contain eggs even in minute 
blood-vessels. Later, especially in the trigone of the bladder, there are rounded 
patches of inflammatory thickening which project somewhat, are granular 
on the surface, and dense ; on section they creak under the knife as if they 
contained gritty particles. It is evident that these elevated, thickened patches 
are the result of an inflammatory process provoked by the clusters of eggs which 
the microscope reveals scattei^ throughout their entire extent. The eggs 
are principally deposited in the submucosa, less extensively in the mucous 
membrane, still leas abundantly in the muscular walls of the organ or in its 
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subserotts connective tissue. They tend to occur in groups, each of which is 
invested with a connective-tissue capsule ; or they may be lying in small blood- 
vessels which they occlude. Some eggs are seen to have undergone calcification ; 
others are still fresh, either segmenting, or already containing a miracidium. 
On the surface of the rounded patches already mentioned, phosphatic deposits, 
also containing eggs, are npt uncommon ; from their yellow glistening appearance 
they are known as '' sandy patches **, and sometimes they present minute sloughs. 
(Fig. 133.) Besides these indurated patches, various forms of polypoid excres- 
cence — sometimes ulcerated — may protrude from the mucous surface into 
the cavity of the bladder. These various hyperplasias fi^uently contain the 
adult parasite as well as eggs. Ferguson and others described a nodular form 
of bilharziasis, am affection of the subperitoneal surface of the bladder, which 
closely resembles tuberculosis. 

In addition to what may be designated the specific changes in the mucosa, 
the muscular coats of the bladder are generally hypertrophied. In consequence 



Fig. 112. — Sectlofi of bladder-wan, sboainf eggs of BUhania hmmakihia In fisMics. 

of this, as well as of the ingrowth of villosities and different forms of new growth, 
the capacity of the organ may be much diminished. Its mucous surface is 
genendly coated with a sanguineous mucus containing myriads of eggs. Gravel 
or small stones — generaDy phosphatic— are sometimes found either embedded 
in lacmw in the hjrpertroj^ed and roughened bladdest-wall, or fne in the cavity* 
Not infrequetitly a similiur h3rperp]aaia occurs in the ureters, and particulariy 
towards tl^ lower ends, even at an early stage. In laie instances the pelvis of 
kidn^ is affected. Obliteration of the ureter, both from small stones and from 
thiokmiiiigof the mucous membrane, not infrequently resulta ; this leads to dilata- 
tion of pelvis and atrophy of the parenchyma of the kidney. It is easy to 
understand how, in time, time changes in the bladder and ureters may give rise to 
hydronephrosis, py^tk, abscess of the kidney, and similar secondary affections. 
HyperfdMia of the proatate doe to infiltration wiUi eggs Is someUmes found. 
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Hyperplasia from bilharzial infestation may also occur in the vesicuhe seminales, 
penis, walls of the vagina, and cervix of the uterus, leading to corresponding 
bloody, egg'Oontaining discharges. 

Bil^rzia eggs in small numbers have been found in the liver, in gallstones, 
in the heart, and in the kidneys, and occasionally in the brain, spinal cord, and 
lungs. Tumours of bilharzial origin have sometimes been met in connexion 
with the peritoneum and ligaments of the uterus. The egg-production of B, 
hasnuUcbia is slower than that of B, manmni. They get to the lowest branches 
of the mesenteric veins, some even to the rectum, when eggs may appear in the 
fffices, but most migrate through the heemorrhoidal vein to the venous plexus 
of the bladder. When the eggs are deposited eosinophil oeUs are attract^ and 
may produce micro-abscesses, forming peeudotubercles on the peritoneal surface 
of the bowel with resulting connective tissue. If they occur on mucous surfaces 
they take the form of small erosions or ulcers. Giant cells form and may 
completely absorb the egg. 

The eggs can be conveniently demonstrated in the tissues by digesting selected 
portions in 3 per cent, potash solution. 

Symptoms. — The symptoms produced by B. hcemcUohia vary in degree 
within very wide limits. In the vast majority of cases the patient 
experiences no trouble whatever ; in other m8^nce8 suffering is very 
great. Indirectly, from the serious lesions of the urinary organs to which it 
may give rise, this bilharzia is an occasional cause of death. 

PiUrly toxic symptoms, such as pyrexia with urticaria, have been noted, 
and may come on four weeks after exposure to infection. The incubation 
period of definite disease, on the other hand, varies from three months up 
to two and a half years. The cercaria^, on penetrating the skin, produce an 
irritative dennatitis m in other forms of bilharziasis. {Sec p. 693). 

The most characteristic symptom of the presence of the parasite in the 
wall of the bladder is the passage of blood at the end of micturition, with or 
without a sense of urinary irritation. The quantity of blood passed and the 
degree of irritation are increased by exercise, by dietetic indiscretions, and 
by all such causes as are calculated to induce or aggravate cystitis. As a 
rule, it is only the last few drops of urine that contain blood ; sometimes, 
however, the hiemorrhage is more extensive, and then the entire bulk of 
the urine may be blood- tinged. Occasionally, clots are passed. 

If, in a case of moderate infection, the urine be passed into a glass and 
held up to the light, minute flocculi or coiled-up inucx)id-looking threads 
will be seen floating about in the fluid. If it be allowed to stand, the 
flocculi, and perhaps minute blood-clots, will subside to the bottom of the 
vessel ; these, on being taken up with a pipette and placed under the 
microscope, will be found to contain, besides blood-corpuscles and catarrhal 
products, large numbers of the characteristic terminal-spined eggs. 

In doubtful cases, where eggs are few, the best way to find them is to get 
the patient to empty the bladder and to catch in a watch-glass the last few 
drops of urine which can be forced out by straining ; these invariably 
contain eggs. A low power of the microscope suffices, and is best for 
diagnosis. Davies in South Bhodesia has remarked upon the peculiarities 
of the bilharzial facies,*’ which becomes triangular in outline, with sunken 
cheeks and prominent malar bones. He considers that this appearance 
forms a good indication of the dkease. 



